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Description 



The invention relates to novel 7-azabicyclo-substitiJted quinolone carboxylic acids, pharmaceutical compositions 
containing such compounds and methods of treatment with such compounds. 
5 U.S. Patent 4,571,396 discloses diazabicyclo-substituted naphthyridine-, quinoline- and benzoxazinecarboxylic 

acids having antibacterial activity. European Patent Publication No. 215650 discloses similar antibacterial diazabicyclo- 
substituted compounds. 

The invention provides antibacterial compounds having the formula 




or a pharmaceutical^ acceptable acid addition salt thereof, wherein 

R 1 is hydrogen, a pharmaceutical^ acceptable cation, or (C r C6) alkyl; 

Y when taken independently, is ethyl, t-butyl, vinyl, cydopropyl, 2-f luoroethyl, p-f luorophenyl, or o.p-drfluorophe- 

nyl; 

25 W is hydrogen, F, CI, Br, C r C 4 alkyl, C r C 4 alkoxy, NH 2 . NHCH 3 ; 

A is CH, CF, CCI, COCH 3 , C-CH 3 , C-CN or N; or 

A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y are attached to form a 
f ive or six membered ring which may contain oxygen or a double bond, and which may have attached thereto R 8 which 
is methyl; and 
30 R 2 is 




40 

wherein R 3 , R 4 , R 5 , R 6 , R 7 , R 9 and R 25 are each independently H, CH 3 , CH 2 NH 2 , CH 2 NHCH 3 or CHgNHC-jHs, and R 5 , 
R 6 , R 7 and R 9 may also independently be NH 2 , NHCH 3 or NHC 2 H 5 , provided that not more than three of R 3 , R 4 . R 5 , 
R 6 , R 7 , R 9 and R 25 are other than hydrogen, and if three of these substituents are not hydrogen, at least one of them 
is methyl; or wherein R 1 is H or a pharmaceutically acceptable cation, Y is 0,p-difluorophenyl, W is H f A is N and R 2 is 

45 




50 

and prodrugs of those compounds of formula I having a free amino group. 

Preferred compounds of the invention are those of formula I therein R 1 is hydrogen or a pharmaceutically accept- 
able cation such as sodium or potassium, and hydrates thereof. Other preferred compounds are the p-toluene-sul- 
55 fonate, methanesulfonate and hydrochloride salts of the compounds of formula I. 

Other preferred compounds are those wherein A is CH or N, or A is carbon and is taken together with Y and the 
carbon and nitrogen to which A and Y are attached to form a six membered ring as follows: 
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More preferably, A is CH or N, and most preferably. A is N. More specific compounds are those wherein one or 
two of R 3 , R 4 , R 5 , R 6 , R 7 , R 9 and R 25 are other than hydrogen. Further jmore specific compounds are those wherein 
one of R 3 , R 4 , R 5 , R 6 or R 7 , is CH 2 NH 2 or CH 2 NHCH 3 , and, optionally, another of R 3 . R 4 . R 5 . R 6 . R 7 or R 9 is methyl; 
or those wherein one of R 5 , R 6 , R 7 or R 9 is NH 2 or NHCH 3 and, optionally, another of R 5 , R 6 , R 7 or R 9 or one of R 3 and 
R 4 is methyl rather than hydrogen. Preferred are those wherein R 6 , R 7 , or R 9 is amino and, optionally one of R 3 , R 4 , R 5 , 
R 6 , R 7 or R 9 is methyl, and more preferred R 7 is amino and, optionally, one of R 3 , R 4 , R 5 , R 6 , R 7 and R 9 is methyl. In 
the most preferred compounds R 7 is amino and R 3 . R 4 , R 5 , R 6 , R 7 and R 9 are each hydrogen. 

Other preferred compounds are those of formula I wherein Y is cyclopropyl or o.p-drfluorophenyl, and those 
wherein W is hydrogen. 

Specific compounds of the invention are 
7-([1a,6a.7a]-7-amino-3-azab^ 
ine-3-carboxylic acid, 
7-([1a,6a,7ah7-amino-3-azabicyd^^ 
boxylic acid, 

7-(1 -amino-3-azabicyclo[4. 1 .0]hept-3-yl)- 1 -cyclopropyl-6-f luoro-1 ,4-dihydro^-oxo-quinoline-3-carboxylic acid, 

7-[( 1 a,5a,6a)-6-amino-3-azabicycIo[3. 1 .0]hex-3-yl]-6-f luoro-1 -(2,4-dif luorophenyl)-1 ,4-dihydro-4-axo- 1 ,8-naphthyrid- 

ine-3-carboxylic acid, 

7-[( 1 a,5a,6a)-6-amino-3-azabicyclo[3. 1 .0]hex-3-yl]-6-f luoro-1 -(2,4-dif luorophenyl)-1 ,4-dihydro-4-oxo- 1 ,8-naphthyrid- 
ine-3-carboxylic acid, hydrate, 

7-([1a,5a,6a]-6-amino-3-azabicyclo[3. 1 .0]hex-3-yl)-6-f luoro-1 -(2 ,4-difluoro^ 
ine-3-carboxyIic acid, hydrochloride salt, methanesulfonic acid salt, 

7-([1a,5a.6p]-6-amino-3-azabicyclo[3. 1 .0]hex-3-yl)-6-f luoro-1 -(2,4-dif luorophenyl)-1 ,4KJihydro-4-oxo-1 ,8-naphthyrid- 
ine-3-carboxylic acid, and 

The compounds of formula I of the invention wherein R 3 , R 4 , R 5 , R 7 , and R 25 are other than hydrogen can bear 
these substituents in either of two steric configurations relative to the cyclopropyl group in R 2 . The compounds of for- 
mula I of the invention include the racemic mixtures and the optical isomers of all of these configurations. 

The invention includes prodrugs of compounds of the formula I having free amino groups. Prodrugs are understood 
to comprise an amino acid residue, or a polypeptide chain of two or more amino acid residues which are covalently 
joined through peptide bonds. The amino add residues of use include the 20 naturally occurring amino acids desig- 
nated by three letter symbols, 4-hydroxyproline, hydroxyzine, demosine, isodemosine, 3-methylhistidine, norvalin, 
beta-alamine. gamma-aminobutyric acid, citrulline homocysteine, homoserine, ornithine and methionine sulfone. Pre- 
ferred amino acid residues are those with a non-polar group such as Ala. Val. Nval. Leu, Met, Gly, Pro, Phe, or a basic 
polar group such as Lys. 

The invention includes a pharmaceutical composition comprising a pharmaceutical ly acceptable carrier or diluent 
and a compound of the formula I in an antibacterially effective amount. 

The invention further includes a method of treating a host, such as an animal or a human being, having a bacterial 
infection comprising administering to the host an antibacterially effective amount of a compound of the formula I. or a 
pharmaceutical composition as defined above. 

The invention also includes intermediates of use in the preparation of a compound of the formula I. Exemplary inter- 
mediates have the formula 
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is wherein Y 2 is hydrogen, benzyl, or benzyloxycarbonyl, and 

R 15 is carboxyl, hydroxymethyl, CHO. CH 2 NR 11 R 12 or NR 11 R 12 wherein R 11 is hydrogen, methyl, or ethyl, and 
R 12 is hydrogen, C r C 6 acyl, C 2 -C 6 alkoxycarbonyl, optionally substituted benzyloxycarbonyl, aryloxycarbonyl, silyl, 
trityl, tetrahydropyranyl, vinyloxycarbonyl, o-nitrophenylsuKbnyl, diphenylphosphonyl, p-toluenesuKonyl, or benzyl. 
Other intermediates of use in preparing compounds I are evident from the description below, particularly the sec- 
20 tions numbered by Roman numerals. 

The term w C r C 6 alkyT, used in the definition of R 1 , denotes saturated monovalent straight or branched aliphatic 
hydrocarbon radicals having one to six carbon atoms, such as methyl, ethyl, propyl, isopropyl, t-butyi, etc. 

When A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y, respectively, are 
attached to form a five membered ring or a six membered ring, the compounds of formula I in one specific embodiment 
25 have the following formula: 




wherein Z is CH 2 , 0 or a covalent bond, and D is CH 2 , CHCH 3 or 0=0^, and D may be CH=CH when Z is a covalent 
bond. 

The compounds (I) of the invention may be prepared by reacting a compound of the formula 



50 




Y 

55 

with a compound of the formula R 2 H wherein R 1 , R 2 A. W and Y are as defined above in connection with formula I, 
except that R 2 includes within the definitions of R 3 . R 4 , R 5 , R 6 , R 7 and R 9 , the N-protected groups of NH^ CH 2 NH2, 
NHCH 3 , CH 2 NHCH 3 , NHC2H5, and CH 2 NHC 2 H 5 , and X is a leaving group such asfluoro, chloro, bromo or CVC3 alkyl- 
suHonyl. Nitrogen protecting groups are known in the art. Examples of suitable nitrogen protecting groups are C^Cs 
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acyl, C2-C5 alknxycarbonyl optionally substituted benzyloxycarbonyl , aryloxycarbonyl, silyl, trityl, tetrahydropyranyl. 
vinylaxycarbonyl, O-nitrophenylsutfonyl. diphenylphosphinyl, p-toluenesutfonyl. and benzyl. The nitrogen protecting 
group is removed by methods known in the art such as hydrogenation or hydrolysis. 

The reaction may be conducted with a without a solvent. The solvent, when used, must be inert under the reaction 
5 conditions. Suitable solvents are acetonitrile, tetrahydrofuran, ethanol, chloroform, dimethylsulfoxide. dimethytforma- 
mide, pyridine, water, or mixtures thereof. 

The reaction temperature usually ranges from about 20°C to about 150°C. 

The reaction may advantageously be carried out in the presence of an acid acceptor such as an inorganic or 
organic base, e.g. an alkali metal or alkaline earth metal carbonate or bicarbonate, or a tertiary amine, e.g. triethyl- 
10 amine, pyridine or picoline. 

When R 1 is C r C 6 alkyl, conversion to the corresponding acid may be carried out under acidic or basic conditions 
conventional for hydrolysis of carboxylic acid esters, at about 20° to 150°C. 

The starting materials of formula II are known in the art, e.g. as disclosed in U.S. Patents 4,571,396 and 4,775,668. 
The starting materials of formula R 2 H have the following formulae 

15 




30 wherein R 3 , R 4 , R 5 , R 6 , R 7 , R 9 , R 10 and R 25 are as defined above in connection with a compound of the formula R 2 H. 
Specific examples of such and similar starting materials are the following compounds: 
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R 5 




N 



LXX LXXI 



wherein Ft 3 , R 4 , R 5 . R 6 , R 7 . R 9 , and R 25 are as defined above, except hydrogen, and R 10 is as defined as for R 5 . 

The preparation of representative foregoing compounds I to XXI is discussed below wherein each section is 
referred to by the formula of the compounds prepared. 

3-Azabicvclo|3.1 Olhexane (V) 

3-Azabicyclo[3.1. Ojhexane may be prepared by the method of D. A. Wood et al. European Patent Publication 
0010799 from 1,2-cyclopropanedicarboxylic acid. 

2-R 3 -Substituted 3-AzabicvcloT3.1 .OJhexanes (VI) 

2-Cyano-3-azabicyclo[3.1. Ojhexane can be prepared by the method of D. A. Wood et al. EP 0010799. Protection 
of the ring nitrogen, for instance by a benzyl group, then provides 3-benzyl-2-cyano-3-azabicyclo[3.1 .0]hexane. Reduc- 
tion of the nitrile with lithium aluminum hydride gives a compound of the formula VI wherein R is CHzNHz and the 3-N 
is benzylated. This compound, and all subsequently described amino-substituted azabicyclo[3. 1 .OJhexyl system^ may 
be advantageously protected, for instance with an alkoxycarbonyl group such as tert-butoxy-carbonyl, or a carboxylic 
acid group such as formyl or acetyl, and subsequently debenzylated via hydrogenation to provide the protected 2-ann- 
nomethyl-3-azabicyclo[3.1. Ojhexane. After coupling of this debenzylated diamine to a quinolone or napMhyndine 
nucleus by reaction with a compound of the formula II. the amino-protecting group such as the tert-butoxy-carbonyl or 
acetyl group can be removed by exposure to acidic conditions. 

Alternatively, the diamine 2-aminomethyl-3-benzyl-3-azabicyclo[3.1.0]hexane can be formylated or acetylated by 
heating to reflux with ethyl formate, according to the procedure of Moffat et al.. J. Qrg. £hgm-. 27. 4058 (1962). or acetyl 
chloride These amides can then be reduced to the corresponding amines with lithium aluminum hydride, to provide a 
compound of the formula VI wherein R 3 is CH 2 NHCH 3 or CH 2 NHC 2 H 5 . This compound may be protected, as in the 
case of the conversion of the above diamine 2-aminomethyl-3-benzyl-3-azabicyclo[3.1. Ojhexane to 2-[(N-acet^)amj- 
nomethyf] or 2-KN-tert43utoxycaibonyl)aminomethyl]-3-benzyl-3-azabicycloI3.1.0Jhexane. then debenzylated and 
appended to the quinolone or naphthyridine nucleus by reaction with a compound of the formula II. 

For the case wherein R 3 is CH 3 . the above nitrile 3-benzyl-2-cyano-3-azabicyclo[3.1. Ojhexane can be hydrolyzed 
under acidic or basic conditions to the corresponding carboxylic acid, and reduced with lithium aluminum hydride to the 
alcohol 3-benzyl-2-hydroxymethyl-3-azabicyclo[3.1 .OJhexana Formation of the tosylate followed again by lithium alumi- 
num hydride reduction provides the 2-methyl congener 3-benzyl-2-methyl-3-azabicyclol3.1 .Ojhexane, which can be 
debenzylated as above. 

1 -R 6 -Substituted-3-azabicyclo[3.1 .OJhexanes (VII) 

These compounds can be prepared from the nitrile 3-benzyl-1-cyano-3-azabicyclo[3.1. Ojhexane. whose prepara- 
tion is reported by Achini and Oppolzer, Tetrahedron Letters. 1975, 369. Alternatively, the nitrile may be synthesKed 
from 3-[(benzyl)(2.3-dihydroxypropyl)aminoJ-propanenrtrile yja bismesylation. followed by double ring closure witn 
sodium hexamethyldisilazide. Transformation of the nitrile functionality of 3-benzyl-1-cyano-3-azab.cyclo[3.1. Ojhexane 
into CH 3 ,CH2NH 2 .CH 2 NHCH3 or CH 2 NHC2H 5 can be carried out as in section VI above. 

Hydrolysis of 3-benzyl-1-cyano-3-azabicyclo[3.1 .Ojhexane to 3-benzyl-3-azabicyclol3.1.0]hexane-1-carboxyl.c 
acid can be carried out under basic conditions. Subsequent reaction with diphenylphosphoryl azide in t-butanol. using 
the procedure reported by Ninomiya et al.. Tetrahedron 1974, 30. 2151. provides the protected amine 3-benzyM-tert- 
butoxycarbonylamino-3-azabicyclo[3.1 .Ojhexane. Debenzylation as above yields an amine which can be coupled to the 
quinolone or naphthyridine nucleus by reaction with a compound of the formula II; acidic removal of the tert-butoxycar- 
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bonyl group provides the final product with an amino group as the 1 -substituent in the 3-azabicyclo[3.1. OJhexane side 
chain. 

Removal of the tert-butoxy carbon yl group from the protected amine to give 1 -amino-3-benzyt-3-azabicy- 
clo{3. 1 .OJhexane can be followed by acetylation or formytation and lithium aluminum hydride reduction as above to pro- 
vide a compound of the formula VII wherein R 6 is NHCH 3 or NHC 2 H 5 . This can be further processed as in Section VI 
to provide the final product bearing a methylamine or ethyiamine at C-1 of the 3-azabicyclo[3.1. OJhexane side chain. 

Alternatively, 3-benzy»-Vtei1^oxycarbonylamino-3-a2abicyclo[3. 1 .OJhexane can be N-alkylated by treatment with 
sodium hydride and methyl or ethyl iodide. The resulting diprotected N-alkyl compound can be debenzylated and proc- 
essed as in Section VI. 

6-R 7 -Substituted-3-a2abicyclof3.1 .Olhexanes (VIII) 

Addition of ethyl diazoacetate to N-benzylmaleimide generates a pyrazoline which upon thermolysis provides 3- 
benzyl-3-azabicydo[3.1.0]hexane-2,4-dione-6-<»rboxylic acid ethyl ester. Reduction with lithium aluminum hydride 
gives 3-benzyl-6-hydroxymethyl-3-a2abicycIo[3.1. OJhexane; Swern oxidation followed by oxime formation and lithium 
aluminum hydride reduction then produces the primary amine, which can be protected or treated as above to give a 
compound of formula VIII wherein R 7 is CH 2 NHCH 3 or CH 2 NHCH 2 CH 3 . 

Alternatively, 3-benzyl-6-hydroxymethyl-3-azabicyclo[3.1 .OJhexane can be treated as in Section VI to provide the 6- 
methyl derivative. To prepare compounds with a 6-amino group, hydrogenolytic removal of the benzyl group from 3-ben- 
zyl-6-hydroxymethyl-3-azabicyclo[3.1. OJhexane is followed by introduction of a benzyloxycarbonyl group; Jones oxida- 
tion at this point provides 3-benzyloxycarbonyl-3-azabic^do[3.1.0]hexane^^arboxylic acid. Curtius rearrangement as 
in Section VII, using diphenylphosphoryl azide, yields 3-benzyloxycarbonyl-6-tert-butoxycarbonylamino-3-azabicy- 
clo[3.1. OJhexane. which can be taken on to the analogue bearing a primary amine, or which can be deprotected and 
further manipulated as in Section VII to provide the compounds of formula VIII wherein R 7 is NHCH 3 or NHC^Hs. 

Another route to these compounds involves treatment of N-benzyloxycarbonyl-3-pyrroline with ethyl diazoacetate 
under rhodium acetate catalysis, to provide the ethyl ester of 3-benzyloxycarbonyl-3-azabicyclo[3.1 .0]hexane-6-carbox- 
ylic acid. Basic hydrolysis, for instance with sodium hydroxide in methanol, then gives the corresponding carboxylic 
acid, which can be processed as described above. Alternatively, the benzyloxycarbonyl group can be removed by 
hydrogenolysis, and the nitrogen functionality protected as a benzyl derivative, by treatment with benzyl bromide. Sub- 
sequent lithium aluminum hydride reduction then gives 3-benzyl-6-hydroxymethyl-3-azabicyclo[3.1. OJhexane, which 
can be further functionalized as described above. 

1 t 2'R 6 ,R 3 -Disubstituted-3-azabicyclo[3.1 .OJhexanes (IX) 

Modification of the Oppolzer procedure mentioned in Section VII provides this substitution pattern. For the 2-methyl 
substituted compounds, 3-benzylaminobutanenrtrile is used as the starting material. For all other 2-substituents, 3- 
(benzylamino)-4-[(tetrahydro-2H-pyran-2-yl)oxy]-butanenitrile, available from beta-cyanoalanine via carboxylic acid 
reduction, alcohol protection and N-benzylation, can be reacted with glycidol to provide 3-[(benzyl)(2,3-dihydroxy-pro- 
pyl)aminoJ-4-[(tetrahydro-2H-pyran-2-yl)oxyJbutanenitrile. Tosylation of the primary alcohol is followed by base-induced 
ring closure to 3-[(benzyl) (2,3-epoxypropyl)amino]-4-[(tetrah^ sodium hexamethyl- 

disilazide treatment provides 1 -benzyl -4-hydroxyme%l-2-[(tetrahydro-2H^ 

trile. A second tosylation can be followed again by base-induced ring closure to the 3-azabicyclo[3.1. OJhexane of the 
formula IX wherein the 2-substituent is tetrahydropyranyloxymethyl, the 1 -substituent is cyano, and the 3-aza nitrogen 
is benzylated. The nitrile functionality of the latter can be transformed into all of the substituents R 6 as in Section VII. 

For the elaboration of the C-2 substituent R 3 , final C-1 substituents R 6 bearing amino groups can be protected as 
the corresponding acetamides. Subsequent acid-induced removal of the tetrahydropyran (THP) protecting group gives 
a primary alcohol which can be subjected to a Swern oxidation; reductive amination of the derived aldehyde with ammo- 
nium acetate, methylamine or ethyiamine then provides the corresponding amines of the formula IX wherein R 6 is CH^ 
or amino-protected CH 2 NH 2 , CH^HCHs, CH 2 NHC 2 H 5 . NH 2> NHCH 3 , or NHCgHg, and R 3 is C^NHg, CH 2 NHCH 3 , or 
CH 2 NHC2H 5 . Protection of the resultant 2-amine can be carried out as above, with the tert-butoxycarbonyl protecting 
group; removal of the benzyl group via hydrogenation provides the free secondary amine, which can te coupled to the 
quinolone or naphthyridine nucleus, followed by acid-induced removal of the acetamide and tert-butoxycarbonyl groups. 

2.6-R 3 ,R 7 -Disubstituted-3-azabicyclo[3. 1 .OJhexanes (X) 

These compounds can be prepared from 3-benzyl-6-hydroxymethyl-3-azabicycIo[3.1. OJhexane; protection as the 
THP ether, followed by debenzylation, provides 6-[(tetrahydro-2H-pyran-2-yl)oxy]methyl-3-azabicyclo[3.1. OJhexane. A 
cyano group can then be introduced into the 2-position by the method of Wood, as in Section VI. Reproduction of the 
benzyl group provides 3-benzyl-2-cyano-6-[(tetrahydro-2H wherein 
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the two substituents are differentially functionalized. The cyano group can be transformed into the desired 2-subsMu- 
ents. as described in Section VI. At this point, protection of any primary or secondary amine as its acetamide can be 
followed by acidic removal of the tetrahydropyran protecting group, and elaboration of the primary alcohol into the 
desired substituent by the methods outlined in Section VIII. 

When the 6-substituent is a methyl group, elaboration of the tetrahydropyranyl ether is carried out prior to introduc- 
tion of the cyano group at C-2. When the 2-substitutent is a methyl group, an alternate route involves rhodium acetate- 
catalyzed cyclopropanation of N-benzyloxycarbonyl-2-methyl-3-pyrroline (available via the chemistry described by 
Takano, Heterocvcles. 1989, 2£ 1 861 . starting with 4-hydroxy-1 -pentene) with ethyl diazoacetate. The ester group can 
then be elaborated to the desired 6-substituent as in Section VIII. 

1,4-R 9 ,R 3 Disubstituted-3-azabicyclo[3.1.0]hexanes (XI) 

These compounds can be prepared from methyl acrylate and 2-benzylamino-3-[(tetrahydro-2H-pyran-2-yl)oxy]pro- 
panoic acid methyl ester; heating these reagents in methanol provides an adduct which can be cyclized with sodium 
hexamethyldisilazide to i*eruyl-4-oxo-5-[(tetrahydro-2H-pyran-2-yl)oxy]metliyl-3-wrrolidine carboxylic acid methyl 
ester Reduction and benzyl group removal is effected with Raney nickel; introduction of a benzyloxycarbonyl group is 
then followed by mesylation of the secondary alcohol and diazabicyclononane-mediated dehydration to give 1-benzy- 
loxyraibonyl-2,5-dihydro-5-[(tetra^ add - me *M ester " c y clo P rc " 

panation with diiodomethane and zinc/silver couple, according to the method of Denis et al.. Synthesis , 1972, 549, 
gives the bicyclo[3.1 ,0]hexyl system of formula XI wherein the 1 -substituent is C0 2 CH 3 . the 4-substituent is tetrahydro- 
pyranyloxymethyl, and the 3-nitrogen is protected with benzyloxycaibonyl. The ester can be reduced to the correspond- 
ing alcohol wherein the 1 -substituent is hydroxymethyl with lithium borohydride. Removal of the benzyloxycaibonyl 
group by hydrogenolysis using 10% palladium on carbon can then be followed by benzylation w.th benzyl brom.de. to 
provide the compound of formula XI wherein the 1 -substituent is hydroxymethyl, the 4-substituent is tetrahydropyrany- 
loxymethyl. and the 3-nitrogen is protected with benzyl. Alternatively, the cyclopropanation product obtained above can 
be hydrolyzed with sodium hydroxide to the corresponding acid wherein the 1 -substituent is CO z H. These two com- 
pounds can be manipulated as in Section VIII to provide the desired 1-substituent R ; after protection of the 1 -substit- 
uent, the 4-substituent R 3 can be generated from the tetrahydropyranyl-protected alcohol as in Section IX. Removal of 
the 3-benzyloxycarbonyl group can then be effected by hydrogenation. 

When the desired 4-substituent is a methyl group, the chemistry described above can be earned out starting with 
2-benzylamino-propanoic acid methyl ester. 

1 .6-R 6 ,R 7 -Disubstituted-3-azabicyclo[3. 1 .0]hexanes (XII) 

These compounds can be prepared from tert-butyl acrylate and N-benzylglycine methyl ester; 1-benzyloxycarbo- 
nyl-2 5-dihydro-1H-pynole-3-carboxylic acid, tert-butyl ester is then synthesized via the methods desenbed in Section 
XI Molybdenum hexacarbonyl-mediated cyclopropanation with ethyl diazoacetate then provides the bicyclic system of 
the formula XII wherein the 1 -substituent is t-butyloxycarbonyl. the 6-substituent is ethyloxycarbonyl. and the 3-nitrogen 
is substituted by benzyloxycarbonyl. Selective hydrolysis of the tert-butyl ester with trifluoroacetic acid can be followed 
by diborane-mediated reduction of the liberated carboxylic acid and protection of the derived primary alcohol as its tet- 
rahydropyranyl ether. The 6-carboethoxy group can then be transformed into the desired 6-substituent as described 
above with respect to corrpounds of the formula XI. For a 6-methyl substituent. the protecting group on nitrogen is 
changed from benzyloxycarbonyl to benzyl as outlined in Section IX. After protection of any primary or secondary 
amines, the tetrahydropyranyl group can be removed under acidic conditions and the primary alcohol can be elaborated 
into the desired 1 -substituent by the methods outlined in Section VIII. 

For the case of a 1 -methyl substituent. N-benzyloxycarbonyl-3-methyl-3-pyrroline (available yja N-protection of 3- 
methyl-3-pyrroline. whose preparation is described by Gajda. I iehiqs Ann, Chem, 1986. 992) is cyclopropanated using 
ethyl diazoacetate under rhodium acetate catalysis, to give a compound of formula XII wherein the 1 -substituent is 
methyl, the 3-substituent is benzyloxycarbonyl. and the 6*ubstituent is ethoxycarbonyl. The ester functionality is then 
elaborated as described above. 

1.5-R 6 ,R 9 -Disubstituted-3-azabicvclof3.1.01hexanes(XIID 

These compounds are derived from 1-benzyl-4-hydroxymethyl-3-pyrrolidine carbonitrile. whose preparation is 
described by Achini and Oppolzer as mentioned in Section VII. Protection of the primary alcohol followed by nrtrile 
hydrolysis and diazomethane esterification provides l-benzyl-4-[(tetrahydro-2H-pyran-2-yl)oxy]methyl-3-pynolid.ne 
carboxylic acid methyl ester. The benzyl group can be removed by hydrogenation and replaced by a benzyloxycarbonyl 
group. Introduction of a thiophenyl group can then be effected yja deprotonation wrlh sodium hydride and reaction of 
the derived enolate with S-phenyl benzenethiosulfonate to give l*enzyloxycarbonyl-4-[(tetrahydro-2H-pyran-2- 
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y!)oxy]methyl-3-thiophenyl-3-pyrrolidinecartxJxylic acid methyl ester. Oxidation of the sulfur with hydrogen peroxide, fol- 
lowed by thermolysis of the derived sulfoxide then gives alkene 1-benzyloxycarbonyl-2.5-dihydro-4-[(tetrahydro-2H- 
pyran-2-y0oxy)methyl-1H-pyrrol-3-cartX)xylic acid methyl ester. Cydopropanation with diiodomethane provides the 
bicyclic system of formula XIII wherein the 1 -substrtuent is methoxycarbonyl, the 5-substrtuent is tetrahydropyrany- 
loxy methyl, and the 3-aza is substituted by benzyloxycarbonyl, which can be further elaborated as in Section XII to give 
all of the disubstituted compounds. 

When the 1 -substituent is methyl, the benzyloxycarbonyl group is replaced with a benzyl group, as in Section XI, 
prior to conversion of the tetrahydropyranyloxymethyl group to a methyl group. 

2,4-R 3 .R 10 -Disubstituted 3-azabicydof3.1.01hexanes (XIV) 

These compounds can be prepared from 3-benzyl-2-hydroxymethyl-3-azabicyclo[3. 1 .OJhexane by protection of the 
primary alcohol as the tetrahydropyranyl ether, debenzylation, introduction of a cyano group at the 4-position, and con- 
version into the desired 2- and 4-substituents according to the methods described in Section X. 

3- Azabicycto[4, 1 . Q]heptane (XV) 

Reaction of 1 -benzyl- 1 ,2,5,6-tetrahydropyridine with diazomethane and zinc iodide, according to the method of 
Attia, M- i Chem .. 1£B, 98 (1978) provides 3-benzyl-3-azabicyclo[4.1 .0]heptane. Hydrogenolytic removal of the ben- 
zyl group gives 3-azabicyclo[4.1.0]heptane. 

6-R 9 -Substituted 3-Azabicydof4.1.01heotanes (XVI) 

Reaction of 3-benzylamino-1,2-dihydroxypropane with 4-bromobutanenitrile provides 4-[(benzyl) (2,3-dihydroxy- 
propyOamino]butanenitrile. Processing of this compound as in Section VII provides 3-benzyl-6-cyano-3-azabicy- 
clo[4.1.0]heptane. The nrtrile group of this compound can be transformed into the desired 6-R 9 -substituents as 
described in Section VII. 

Alternatively, methyl 1 -benzyloxycarbonyl-1 ,2,5,6-tetrahydropyridine-4-carboxylate can be reduced with diisobuty- 
laluminum hydride, to provide 1-benzyloxycarbonyl-4-hydroxymethyl-1,2,5,6-tetrahydropyridine. Cydopropanation 
using samarium amalgam and iodochloromethane, then gives 3-benzyloxycarbonyl-6-hydroxymethyl-3-azabicy- 
clo[4. 1 .0]heptane. The hydroxymethyl group can be transformed into the desired substituent by the methods outlined in 
Section VIII. 

5-R 5 -Substituted 3-Azabicydor4.1.0]heptanes (XVII) 

These compounds can be prepared from 3-azabicyclo[4.1.0]heptan-4-one. disclosed in U.S. Patent 4,262,124. 
Reaction with sodium hydride and benzyl bromide provides 3-benzyl-3-azabicyclo[4.1.0]heptan-4-one, which can be 
subjected to treatment with strong base, such as lithium hexamethyldisilazide, and then reacted with formaldehyde. 
Subsequent protection of the resulting primary alcohol as the tetrahydropyranyl ether gives 3-benzyl-5-[(tetrahydro-2H- 
pyran-2-yl)oxy]methyl-3-azabicyclo[4.1.0]heptan-4-one. Lithium aluminum hydride reduction then yields the bicyclic 
system of the formula XVII where the 5-substituent is tetrahydropyranyl-protected hydroxymethyl. This substituent. after 
acid-induced removal of the THP group, can be transformed into the desired 5-R 5 -substituent by utilizing the methods 
described in Section VIII. 

Alternatively, when R 5 is amino or substituted amino, the compounds may be prepared starting from 1-benzyloxy- 
carbonyl-5-hydroxy-1,2,5,6-tetrahydropyridine. Samarium-promoted cydopropanation, as in Section XVI, can then be 
followed by replacement of the benzyloxycarbonyl group by a benzyl group, as in Section VIII (the benzyl bromide step 
can be replaced by treatment with benzaldehyde/sodium cyanoborohydride), to give 3-benzyl-5-hydroxy-3-azabicy- 
clo[4.1.0]heptane. A Swern oxidation provides the corresponding ketone, and subsequent treatment with hydroxy- 
lamine hydrochloride, followed by lithium aluminum hydride redudion of the derived oxime, then gives 3-benzyl-5- 
amino-3-azabicyclo[4.1 .Ojheptane. Protection of the primary amine as its tert-butoxycarbonyl derivative can then be fol- 
lowed, if desired, by introduction of an N-methyl or N-ethyl group, as in Section VII. 

4- R 3 -Substituted-3-Azabicvdof4. 1 .Olheptanes (XVIII) 

These compounds can be prepared from 2-hydroxymethylpyridine by protection of the primary alcohd as the tet- 
rahydropyranyl ether followed by reaction with benzyl iodide, and sodium borohydride reduction, according to the 
method reported by Sashida and Tsuchiya, Chem. Pharm. Bull.. 32, 4600 (1984), to provide 1 -benzyl-2-[(tetrahydro- 
2H-pyran-2-yl)oxy]methyl-l ,2,3,6-tetrahydropyridine. Cydopropanation with diazomethane/zinc iodide, according to the 
method of Attia in Sedion XV, then gives 3-benzyI-4-[(tetrahydro-2H-pyran-2-yl)oxy]methyl-3-azabicydo[4.1 OJheptane. 
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Acid-induced removal of the tetrahydropyranyl group can be followed by methods described in Section VIII to provide 
the desired 4-R 3 -substituent. 

2-R 4 -Substituted-3-Azabicydo[4,1 .Olheptanes (XIX) 

Compounds of this type may be prepared from bicyclo[3.1 .0]hexan-3-one by deprotonation with strong base, such 
as lithium hexamethyldisilazide, followed by quenching of the derived enolate with formaldehyde and protection of the 
resulting primary alcohol as the tetrahydropyranyl ether to provide 2-[(tetrahydro-2H-pyran-2-yl)oxy]methyI-bicy- 
clo[3.1 .0]hexan-3-one. Beckmann rearrangement of this compound, via the corresponding oxime tosylate, provides 2- 
[(tetrahydro-2H-pyran-2-yl)oxy]methyl-3-azabicyclo[4.l .0]heptan-4-one. Reaction with sodium hydride and benzyl bro- 
mide, followed by reduction with lithium aluminum hydride, then gives 3-benzyl-2-[(tetrahydro-2H-pyran-2- 
yl)oxy]methyl-3-azabicydo[4.1.0]heptane; the protected hydroxymethyl 2-substituent can be transformed into the 
desired 2-substituent utilizing the methods described in Section IX. 

1 -R 6 -Substituted-3-Azabicyclo[4.1 .Olheptanes (XX) 

These compounds can be prepared from methyl 14DenzylQxycarbonyl-1,2,5,6-tetrahydropyridine-3-carboxylate, 
using the methodology described in Section XVI to generate 3-benzyloxycarbonyl-1-hydroxymethyl-3-azabicy- 
clo[4. 1 .0]heptane. The methodology described in Section VIII can be used to convert the hydroxymethyl group into the 
desired substituent. In this case, as well as others where the Curtius rearrangement is employed, good results may be 
obtained using the modified Curtius reaction described by Overman, Org. Synth. CqH. Volume YL 95. 

7-R 7 -Substrtuted-3-Azabicyclo[4.1 .0]heptanes (XXI) 

These compounds can be prepared from 1 -benzyl-5,6-dihydro-2(1 H)-pyridinone by reaction with ethyl diazoacetate 
with molybdenum hexacarbonyl catalyst to provide 3-benzyl-2-oxo-3-azabicyclo[4.1.0]heptane-7-carboxylic acid ethyl 
ester, which can be reduced with lithium aluminum hydride to provide 3-benzyl-7-hydroxymethyl-3-azabicy- 
clo[4.1 .OJheptane. Utilization of the methods in Section VIII then yields the desired 7-R 7 -substituent 

Alternatively, 1-benzyloxycarbonyl-1,2,5,6-tetrahydropyridine can be subjected to reaction with ethyl diazoacetate 
under rhodium acetate catalysis, to provide ethyl-3-benzyloxycarbonyl-3-azabicyclo[4.1 .0]heptane-7-carboxylate. Ester 
hydrolysis with sodium hydroxide then provides the corresponding carboxylic acid, which can be converted as 
described in Section VIII to give amino or substituted amino derivatives. 

2.7-R 4 .R 7 -Disubstituted-3<azabicyclof4.1.01heptanes (XXIII) 

These compounds are derived from 1-methyl-2-tetrahydropyranyloxymethyl-1,2,5,6-tetrahydropyridine, which can 
be prepared from 2-(hydroxymethyl)pyridine using the procedures outlined in Section XVIII. Treatment of 1-methyl-2- 
tetrahydropyranyloxymethyl-1 ,2,5,6-tetrahydropyridine with a-chloroethyl chloroformate, followed by methanol, serves 
to remove the 1 -methyl group; treatment of the secondary amine with benzyl chloroformate then yields 1-benzyloxycar- 
bonyl-2-tetrahydropyranyloxymethyM ,2,5,6-tetrahydropyridine. Cyclopropanation of this compound with ethyl diazoac- 
etate in the presence of catalytic rhodium acetate gives ethyl 3-benzyloxycarbonyl-2-tetrahydropyranyloxymethyl-3- 
azabicyclo[4.1.0]heptane-7-carboxylate. This can be transformed into a compound with the desired substitution pat- 
tern, using the chemistry described in Section XI. 

2.6- R 4 ,R 9 -Disubstituted-3-azabicyclo[4. 1 .Olheptanes (XXIV) 

These compounds can be prepared from methyl 1 -benzyloxycarbonyl-1 ^.S.e-tetrahydropyridine^-carboxylate- 
Deprotonation with strong base, such as lithium diisopropylamide or lithium hexamethyldisilazide. can be followed by 
reaction with formaldehyde and protection of the resulting primary alcohol as its tetrahydropyranyl derivative, to give 
methyl 1-benzyloxy(^rbonyl-2-tetrahydropyranyloxymethyl-1, 2,5.6-tetrahydropyridine-4-carboxylate. Processing of this 
compound using methodology described in Section XVI provides 3-benzyloxycarbonyl-6-hydroxymethyl-2-tetrahydro- 
pyranyloxymethyi-3-azabicyclo[4.1.0]heptane, which can be converted into the desired disubstituted compound using 
chemistry from Sections VIII and XI. 

1 .7- R 6 , R 7 -Pisubstituted-3-azabicvclor4. 1 .Olheptanes (XXVI I) 

Methyl 1-benzyloxy(»rbonyl-1,2,5,6-tetrahydropyrWine-3-carboxylate can be reduced with diisobutylaluminum 
hydride, and the resulting primary alcohol protected as its tetrahydropyranyl derivative. Cyclopropanation with ethyl dia- 
zoacetate in the presence of rhodium acetate then yields the ethyl ester of 3-benzyloxycarbonyl-1-tetrahydropyrany- 
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loxymethyl-3-azabicyclot4.1.0]heptane-7-carboxyllc acid. Processing of this compound as in Section XII delivers the 
desired substitution. 

Alternatively, tert-butyl l-benzyloxyrarbonyM^.S.e-tetrahydrc^ can be cyclopropanated 

using ethyl diazoacetate under molybdenum hexacarbonyl catalysis, to give 1 -tert-butyl 7-ethyl 3-benzyloxycarbonyl-3- 
azabicydo[4.1.0]heptane-1 ,7-dicarboxylic acid. Application of chemistry described in Section XII can be used to syn- 
thesize the desired disubstrtuted compound. 

1 .6- R 6 ,R 9 -Disubstituted>3-azabicyclo[4. 1 .Q]heptanes(XXVIII) 

Addition of benzylamine to 1-tetrahydropyranyloxy-3-buten-2-one, followed by Wittig olefination of the ketone with 
methyltriphenylphosphonium bromide and base, provides 4-benzylamino-2-methytene-1-(tetrahydropyranyloxy)butane. 
Amide formation with monoethyl malonate, using carbonyldiimidazole as a condensing agent then provides a dicarbo- 
nyl compound, which is subjected to diazo transfer using p-toluenesulfonyl azide or p-carboxyphenylsulfonyl azide 
under the influence of potassium t-butoxide or potassium hydride. Alternatively, the procedure of KbsWnen, i. Chem . 
SQfc Qhem. Commun.. 1990, 652 can be utilized. The resulting diazo compound is treated with rhodium acetate in 
refluxing benzene, according to the procedure of Kametani, Chem . Pharm . Bull .. 1985, 61, to provide the ethyl ester of 
3-benzyN2-oxo-6-tetrahydropyranyloxymeth^ acid. Lithium aluminum hydride 

reduction gives a compound of formula XXVIII wherein the 1-substituent is hydroxymethyl and the 6-substituent is tet- 
rahydropyranylcocymethyl. This compound can be processed into the desired skJechain by the chemistry described in 
Sections XI and VIII. 

1.5- R 6 .R 5 -Disubstituted-3-azabicvclor4.1.01heDtanes (XXIX) 

2-Ethenyl-1 ,3-propanediol can be prepared using the methodology of Meyer, Syn. Commun .. 1986, 261 . Monopro- 
tection as the tetrahydropyranyl derivative can be followed by mesylation of the remaining primary alcohol, and dis- 
placement with benzylamine, to provide 4-(benzylamino)-3-tetrahydropyranyloxymethyl-1 -butene. Amide formation with 
monoethyl malonate. diazo transfer and cyclization as in Section XXVIII then provides the ethyl ester of 3-benzyl-2-oxo- 
5-tetrahydropyranylcaymetr^ acid. Lithium aluminum hydride reduction gives 

3-benzyl-1-hydrc*ymethyl-^ which can be transformed into 

the desired substituent using the chemistry outlined in Sections XI and VIII. 

5. 7- R 5 . R 7 -Disubstituted-3-azabicyclof4. 1 . Olheptanes (XXXI I) 

Cycloaddition of 5-tetrahydrcpyranyloxy-1,3-pentadiene with the benzyl ester of methylenecarbamic acid provides 
1-benzyloxycarbonyl-3-tetrahydropyranyloxyme%l-1,2,3,6-tetrahydropyridine. Cyclopropanation with ethyl diazoace- 
tate and rhodium acetate then gives the ethyl ester of 3-benzylcocycarbonyl-5-tetrahydropyranyloxymethyl-3-azabicy- 
clo[4.1,0]heptane-7-carboxylic acid. Conversion into the desired disubstrtuted compound can then be carried out as 
described in Section XIL 

5.6- R 5 .R 9 -Disubstituted-3-azabicvclor4.1.01heotanes (XXXIV) 

Addition of allylamine to ethyl 4-chJoroacetoacetate, followed by protection of the resulting secondary amine as its 
benzyloxycarbonyl derivative provides ethyl N-allyl-N-benzylcocycarbonyl-4-amino-3-oxo-butanoic acid. Diazo transfer 
and rhodium-mediated cyclization can then be carried out, as described in Section XXVIII, to provide ethyl 3-benzyloxy- 
cartx5nyl-5^xo-3-azabicydo(4.1.0]heptane-6K»rboxylate. Olefination with (methoxymethyl)triphenylphosphonium 
chloride and base, followed by mild acid hydrolysis, then gives ethyl 3-benzyloxywrbonyl-5-carboxaJdehyde-3-azabicy- 
clo[4.1 .0]heptane-6-carboxylate. Oxidation of the aldehyde to a carboxylic acid can be carried out with sodium chlorite 
or tetra-n-butylammonium permanganate. The resulting compound of formula XXXIV, wherein R 5 is a carboxylic acid 
and R 9 is an ethyl ester, can be transformed into the desired disubstituted compound using the procedure outlined in 
Section XII. 

6,6-R 7 .R 25 -Disubstituted-3-azabicvdor3.1.01hexanes(XXXVIh 

These compounds are derived from methyl tert-butyl 3-benzyloxycartx>nyl-3-azabicyclo[3.1.0]hexane-6,6-dicarbo- 
xylic acid, which can be prepared by cyclopropanation of 1-benzyloxycarbonyl-3-pyrroline using the method of Ohishi, 
Synthesis, 1980. 690 or Peace and Wulfman, Synthesis. 1973, 137. Removal of the tert-butyl ester can be effected by 
brief treatment with trifluoroacetic acid; the liberated carboxylic acid can then be transformed into an amino group by 
the procedure of Baldwin, J. Chem. Soc. Chem. Commun 1988, 775. The resulting compound of formula XXXVII, 
wherein the 3-substrtuerrt is benzyloxycarbonyl and the 6-substituents are amino and methoxycarbonyl. can then be 
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protected as its tert-butoxycarbonyl derivative; alkylation of the amine, as in Section VII, can be carried out to provide 
the N-methyl and N-ethyl derivatives. Reduction of the ester functionality ith lithium borohydride gives the primary alco- 
hol, which can be processed as in Section IX to give aminomethyl substituents. 

When at least one of the 6-substituents is methyl, the carboxylic acid resulting from deprotection of the tert-butyl 
ester is reduced with diborane. to provide a compound of the formula XXXVII wherein the 3-subst'rtuent is benzyloxy- 
carbonyl and the 6-substituents are hydroxymethyl and methoxycarbonyl. Replacement of the benzyloxycarbonyl group 
by a benzyl group, as in Section XI, is then followed by tosylation of the alcohol. Reduction with lithium aluminum 
hydride yields a compound of formula XXXVII wherein the 3-substituent is benzyl, and the 6-substituents are methyl 
and hydroxymethyl. The hydroxymethyl group can be transformed into the desired substituent by the methods outlined 
in Section VIII. 

Alternatively, to generate compounds where at least one of the 6-substituents is methyl, methodology of Loozen, J. 
Pro . Chem. 1976, 2965 can be employed. Thus, 1 -benzyloxycarbonyl-3-pyrroline can be reacted with dibromocarbene, 
to provide 3-benzyloxycarbonyl-6,6-dibromo-3-azabicyclo[3.1.0]hexane. One of the bromines is replaced by methyl, 
using n-butyllithium and methyl iodide. The resulting compound is again subjected to metal-halogen exchange, using 
butyllithium at low temperature, and the anion is quenched with formaldehyde, to provide 3-benzyl-6-hydroxymethyl-6- 
methyl-3-azabicyclo[3.1.0]hexane. Formation of the initial gem-dibromocyclopropane can also be effected using phe- 
nyl (tribromomethyOmercury. The hydroxymethyl group can be transformed into the desired substituent by the methods 
outlined in Section VIII. 

To generate compounds in which both of the 6-substituents are aminomethyl derivatives, methyl tert-butyl 3-ben- 
zyloxycarbonyl-3-azabicyclo[3. 1 .0]hexane-6.6-dicarboxylic acid is once again deprotected with trif luoroacetic acid. The 
liberated carboxylic acid is condensed with ammonia, methylamine or ethylamine through the use of an activating agent 
such as dicydohexylcarbodiimide or carbonyl diimidazole, to form the corresponding amide. The methyl ester is then 
hydrolyzed to the carboxylic acid under acidic or basic conditions, and a second amide is formed in similar fashion. The 
resulting compound of formula XXXVII wherein both 6-substituents are amides, optionally substituted with a methyl or 
ethyl group, is then transformed from the N-benzyloxycarbonyl derivative to the N-benzyl compound, as in Section XI. 
Subsequent reduction with lithium aluminum hydride provides the compound bearing two aminomethyl groups at the 6- 
position, which are optionally substituted with a methyl or an ethyl group. Protection as the di-tert-butoxycarbonyl deriv- 
ative and removal of the benzyl group by hydrogenolysis provides the compound in a form appropriate for coupling to 
compound II. 

1 ,2,6-R 6 ,R 3 ,R 7 -Trisubstituted-3-azabicvclof3.1 .Olhexanes (XXXVIII) 

A. R 7 is a methyl group. 

35 These compounds are derived from 1«benzylamino-2-butene, available from the reaction of benzylamine with 1- 
bromo-2-butene. Amide formation with monoethyl malonate, diazo transfer, and cyclization using rhodium acetate can 
be carried out as in Section XXVIII, to provide the ethyl ester of 3-benzyl-6-methyl-2-oxo-3-azabicyclo[3.1 .0]hexane-1- 
carboxylic acid. Reduction with lithium borohydride and protection of the resulting hydroxymethyl group as its tetrahy- 
dropyranyl ether provides a compound of the formula XXWIII where R 3 is a double bond to oxygen, R 6 is a tetrahydro- 

40 pyranyloxymethyl group, and R 7 is a methyl group. Subjection of this compound to methyllithium followed by sodium 
cyanoborohydride, according to the work of Shibagaki, Heterocycles. 1986, 423, gives 3-benzyl-2,6-dimethyl-1-tetrahy- 
dropyranyloxymethyl-3-azabicyclo[3.1.0]hexane, wherein the 1 -substituent can be elaborated as in Section X, to give 
compounds of the formula XXXVIII where R 3 and R 7 are methyl groups. 

Alternatively, the amide functionality in the 1-tetrahydropyranyloxymethyl compound can be reduced to the car- 

45 binolamine with sodium bis(2-methoxyethoxy)aIuminum hydride (Red-AI) at -78°C. Methylation of the alcohol function- 
ality with methyl iodide can be followed by displacement with trimethylsilylcyanide to provide a compound of formula 
XXXVIII wherein R 3 is cyano, R 6 is tetrahydropyranylaxymethyl and R 7 is methyl. The cyano group can be transformed 
at this point into the desired substituent by the methods outlined in Section VI. The 1 -substituent is converted from the 
tetrahydropyranyloxymethyl substituent by the chemistry described in Section IX or Section X. 

50 

B. R 6 is a methyl group. 

Reaction of 3-methyM ,4-pentadiene with less than one equivalent of osmium tetroxide provides a diol. which can 
be mono-protected at the primary alcohol to give 2-hydroxy-3-methyl-1-tetrahydropyranyioxy-4-pentene. Submission of 
55 this compound to the chemistry described by Takano, Heterocvcles 1989, 1861 , yields 1 -benzyloxycarbonyl-3-methyl- 
2-tetrahydropyranyloxymethyl-3-pyrro!ine. Cyclopropanation with ethyl diazoacetate under rhodium acetate catalysis 
provides a compound of the formula XXXVIII wherein R 3 is tetrahydropyranyloxymethyl, R 6 is methyl and R 7 is ethoxy- 
carbonyl. Hydrolysis of the ethyl ester under basic conditions provides a carboxylic acid as the 6-substituent; this can 
be transformed into an amine or an alkylated amine using the chemistry described in Section VIII. Alternatively, the ben- 



16 



EP 0 413 455 B1 



zyloxycarbonyl group can be replaced by a benzyl group, as in Section XI; the ester group can then be converted to an 
(alkyl)aminomethyl group as in Section VIM. After protection of any amine groups at the 6-position, the tetrahydropyra- 
nyloxymethyl group can be converted into the desired substituent using the chemistry in Section IX or X. 

When both the 1- and 6-substituents are methyl, the same chemistry can be effected starting with 1-benzyloxycar- 
bonyl-2,3-dimethyl-3-pyrroline. 

C. R 3 is a methyl group. 

In this case, the starting material is the tert-butyl ester of 1*enzylcKycartX)nyl-2-methyl-3^ynroline^-<»rboxylic 
acid, obtainable from the chemistry described in Section XII, where tert-butyl crotonate is employed in place of tert-butyl 
acrytata Cyclopropanation as above with ethyl diazoacetate provides a compound of the formula XXXVIII wherein R 3 
is methyl, R 6 is tert-butoxycarbonyl, and R 7 is ethoxycarbonyl. Trifluoroacetic acid can be used to hydrolyze the tert 
butyl ester; subsequent Curtius rearrangement with diphenylphosphoryl azide in tert-butanol provides a protected 1- 
amino substituent, which can be alkylated as in Section VIII if desired. Alternatively, the acid moiety at the 1-position 
can be reduced with diborane to provide a hydroxymethyl substituent. which can be elaborated as in Section VIII or IX. 
The ethyl ester at the 6-position is then either hydrolyzed under basic conditions and the resulting acid subjected to a 
similar Curtius rearrangement and further elaboration, or reduced to the hydroxymethyl group with lithium borohydride. 
The hydroxymethyl group can then be converted into the desired substituent by the chemistry described in Section IX. 

1 .6,6-R 6 .R 7 .R 25 -Trisubstituted-3-azabicyclof3.1 .Olhexanes (XLI) 

A. R 6 is a methyl group. 

These compounds can be prepared from 1-benzyloxycarbonyl-3-methyl-3-pyrroline by cyclopropanation with tert- 
butyl methyl malonate or its diazo derivative, as outlined in Section XXXVIL The resulting tert-butyl methyl 3-benzyloxy- 
<^rtK>nyl-1-metriyl-3-azabicydo[3.1.0]hexane-6,6-dic»rboxylic acid can be further functionalized as described in Sec- 
tion XXXVIL 

B. R 7 is a methyl group. 

Compounds of this type are derived from 1-benzyloxy(autx>nyl-3-tetrahydropyrany^^ This 
starting material can be preparer from 1-benzyloxycarbonyl-3-pyrrolidinone by deprotonation with strong base, such as 
lithium hexamethyldisilazide. followed by quenching with formaldehyde. The free alcohol is protected as its tetrahydro- 
pyranyl derivative, and the ketone is reduced with sodium borohydride. Dehydration of the resulting alcohol with phos- 
phorus oxychloride in pyridine gives the requisite starting material. 

Cyclopropanation with ethyl diazoacetate under rhodium acetate catalysis provides the ethyl ester of 3-benzyloxy- 
carbonyl-1-tetrahydropyranyto acid, which can be methylated at the 6- 

position by deprotonation with strong base such as potassium hydride or lithium hexamethyldisilazide, and reaction of 
the derived enolate with methyl iodide. The ester can then be hydrolyzed using sodium hydroxide in methanol, and the 
resulting carboxylic acid functionalized as desired, using the methods described in Sections XI or XXXVIII(c). 

Alternatively, the pyrroline starting material can be cyclopropanated as in Section XXXVII, to provide t-butyl methyl 
3-benzyloxycarbonyl-1-tetmriydropyranyloxyme%l-3-a acid. This can be proc- 

essed as in Section XXXVII to generate 3-berizyloxycajl3onyl-6-hydroxy^ 

3-azabicyclo[3. 1 .0]hexana Use of chemistry outlined in Section XI then gives the desired substitution pattern. 
1 ,5,6-R 6 , R 9 , R 7 -Trisubstituted-3-azabicvclof3. 1 .Olhexanes- (XLI I) 
A. R 7 is a methyl group. 

1-Bromo-2-tetrahydropyranyloxymethyl-2-butene can be reacted with benzylamine. and the resulting secondary 
amine condensed with the monoethyl ester of malonic ester, as described in Section XXVIII. Diazo transfer and intramo- 
lecular cyclopropanation. as described in Section XXVIII, then provides ethyl 3-benzyl-6-methyl-2-oxo-5-tetrahydro- 
pyranyloxymethyt-3-azabicyclo[3.1.0]hexane-1 -carboxylic acid. Lithium aluminum hydride reduction gives a compound 
of formula XLII wherein the 1 -substituent is hydroxymethyl, the 5-substituent is tetrahydropyranylaxymethyl, and the 6- 
substituent is methyl. This compound can be processed into the desired sidechain by utilizing the chemistry described 
in Sections XI and VIII. 
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B. R 6 is a methyl group. 

These compounds are derived from 1-chloro-2-methyl^-tetrahydropyranyloxy-2-butene, whose preparation has 
been described Schmid, Helv Chim . Acta. 1982, 684. Processing of this compound as in Section A above provides 3- 
benzyl-1-hydroxymethyt-5-methy^ This compound can also 

be transformed into the desired sidechain by utilizing the chemistry described in Sections XI and VIII. 

2,4.6>R 3 .R 10 ,R 7 >Trisubstituted-3-azabicvclor3.1 .Olhexanes (XLV) 

A. R 7 is a methyl group. 

To prepare compounds of this type, 3-benzyl-6-methyl-3-azabicyclo[3.1.0]hexane (a preparation for which is out- 
lined in Section VIII) is transformed into 3-benzyl-2-cyano-6-methyl-3-azabicyclo[3.1.0]hexane by the method 
described in Section X. Subsequent hydrolysis of the nitrile under acidic or basic conditions can be followed by lithium 
aluminum hydride reduction and protection of the resulting primary alcohol as its tetrahydropyranyl derivative. Further 
f unctionalization can be carried out as in Section XIV to provide the desired substitution pattern. 

B. R 3 is a methyl group. 

These compounds are derived from 1-benzyloxycarbonyl-2-methyl-3-pyrroline. Cyclopropanation with ethyl diazo- 
acetate, as described in Section X, can be followed by ester reduction with lithium borohydride, and protection of the 
resulting primary alcohol as its tetrahydropyranyl derivative, to provide 3-benzyloxycarbonyl-2-methyl-6-tetrahydropyra- 
nyloxymethyl-3-azabicycio[3.1.0]hexane. Removal of the benzyloxycarbonyl group by hydrogenolysis can then be fol- 
lowed by the introduction of a cyano group at the 4-position. The 4-cyano-2-methyl-6-tetrahydropyranyloxymethyl-3- 
azabicyclo[3.1.0]hexane obtained in this way can then be converted to the desired trisubstituted 3-azabicy- 
clo[3.1 .0]hexane by the methods outlined in Section X. 

1 ,2,7-R 6 .R 4 ,R 7 -Trisubstituted-3-azabicvclof4.1 .Olheptanes (XLVD 

A. R 7 is a methyl group. 

Reaction of benzylamine with 5-bromopent-2-ene gives 5-benzylamino-2-pentene, which can be condensed with 
the half-ester of malonic acid, as described in Section XXVIII. Subsequent diazo transfer and cycloaddition, according 
to Section XXVIII, provides ethyl 3-benzyloxycarbonyl-7-methyl-2-ox^ 
Processing of this compound as in Section XXXVIII provides the desired trisubstituted compound. 

B. R 6 is a methyl group. 

Cycloaddition of the benzyl ester of methylenecarbamic acid with 3-methyl-5-tetrahydropyranyloxy-1 ,3-pentadiene 
yields 1-benzyloxycarboriyl-3-me%l-2-tetra Cyclopropanation with 

ethyl diazoacetate, as describad above, then provides a compound of formula XLVI, where R 7 is an ethyl ester, R 6 is 
methyl, and R 4 is tetrahydropyranyloxymethyt. This compound can be transformed into the desired trisubstituted 
sidechain using methodology described in Section XI. 

C. R 4 is a methyl group. 

Cycloaddition of the benzyl ester of methylenecarbamic acid with 3-tetrahydropyranyloxymethyl-1,3-pentadiene 
provides 1 -benzyloxycarbonyl -2-methyl^ ,2,5,6-tetrahydropyrtdine. Cyclopropanation 

with ethyl diazoacetate gives a compound of formula XLVI, wherein R 7 is an ethyl ester group, R 6 is tetrahydropyrany- 
loxymethyl, and R 4 is methyl. Chemistry described in Section XII can be used to transform this compound into the 
desired sidechain. 

2.7,7-R 4 .R 7 .R 25 -Trisubstituted-3-azabicvclor4.1 .Olheotanes (L) 
A. R 4 is a methyl group. 

Cycloaddition of the benzyl ester of methylenecarbamic acid with 1 ,3-pentadiene provides 1 -benzyloxycarbonyl-2- 
methyl-I^.S.e-tetrahydropyridine. Cyclopropanation with tert-butyl methyl malonate or its diazo derivative, as outlined 
in Section XXXVII, then gives a compound of formula L wherein R 4 is a methyl group, R 7 is a methyl ester group and 
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R 25 is a tert-butyl ester group. Chemistry outlined in Section XXXVII is then used to convert this compound. 
B. R 7 is a methyl group. 

Reaction of 1-benzylaxyrarboriyl-2-tetrahydropyran^ with bromoform under 

basic conditions, as in Section XXXVII, gives 3-benzyloxycarbony1-7,7-dibromo-2-tetrarty^ 

cyclo[4.1 .OJheptane, which can be further converted into the desired compound by applying methods described in Sec- 
tion XXXVII. 

1 .6.7-R 6 .R 9 .R 7 -Trisubsmuted"3-a2abicvclof4.1 .Olheotanes (LVim 

A. R 7 is a methyl group. 

Addition of benzytamine to 1 -tetrahydropyranyloxy-3-buten-2-one, followed by Witting olefination of the ketone with 
ethylidene triphenylphosphorane, provides 5-benzylamino-3-tetrahydropyranytoxymethyl-2-pentene. Amide formation 
with monoethyl malonate, followed by diazo transfer and rhodium-catalyzed cycloaddition, can be carried out as 
described in Section XXVIII to provide the ethyl ester of 3-benzyl-7-melhyl-2-oxo-6-tetrahydropyranyloxymethyl-3- 
azabicyclo[4.1 .OJheptane- 1-carboxylic acid. This compound can be further processed as in Section XXVIII. 

B. R 9 is a methyl group. 

Addition of benzylamine to methyl vinyl ketone, followed by Peterson olefination of the ketone with ethyl 2-trimeth- 
ylsilylacetate and base, gives an unsaturated ester which can be reduced with diisobutylaluminum hydride. The result- 
ing primary alcohol is protected as its tetrahydropyranyloxy derivative, to give tetrahydropyranyl-protected 5- 
benzylamino-3-methyl-pent-2-en-1 -ol. Amide formation and cycloaddition as described in Section XXVIII then provides 
the ethyl ester of 3-benzyl^-methyl-2-GKO-7-tetrahydr^ acid. 
This can be processed into the desired derivative using chemistry outlined in Section XXVIII. 

C. R 6 is a methyl group. 

Addition of benzylamine to 1-tert-butyldimethylsilyloxy-3-buten-2-one, followed by Peterson olefination of the 
ketone with ethyl 2-trimethylsiiylacetate and base, gives an unsaturated ester which can be reduced with diisobutylalu- 
minum hydride. The resulting primary alcohol can be protected as its tetrahydropyranyloxy derivative. Amide formation, 
cycloaddition and lithium aluminum hydride reduction, as described in Section XXVIII, then gives 3-benzyl-6-tert-butyld- 
ime%lsilyloxyme%l-1-hydroxym Reduction of the pri- 

mary alcohol to a methyl group at position 1 can be earned out using the methodology described in Section VI. 
Subsequent removal of the tert-butyldimethylsilyl protecting group at position 6 can then be effected using tetra-n-butyl 
ammonium fluoride in tetrahydrofuran solution. The resulting 3-benzyl-6-hydroxymethyl-1-methyl-7-tetrahydropyrany- 
loxymethyl-3- azabicyclo[4.1 .OJheptane can be transformed into the desired compound using the chemistry in Sections 
XI and VIII. 

4,5.7-R 3 ,R 5 .R 7 -Trisubstituted-3-azabicvclor4.1.01heptanes (LXX) 

A. R 3 is a methyl group. 

1-BenzyloxycarbonyM ,6-dihydro-3(2H)-pyridinone can becyclopropanated with ethyl diazoacetate under the influ- 
ence of molybdenum hexacarbonyl, to give the ethyl ester of 3-benzyloxycarbonyl-5-oxo-3-azabicyclo[4.1 .0]heptane-7- 
carboxylic acid. Treatment of this compound with base, such as lithium hexamethyldisilazide or potassium tert-butaxide, 
followed by methyl iodide, serves to introduce a methyl group at the 4-position. Wittig reaction and further processing 
of this compound as in Section XXXIV delivers the desired trisubstituted compound. 

B. R 5 is a methyl group. 

Deprotonation of the ethyl ester of 3-benzyloxycartK>nyl-5-axo-3-azabi^ acid with a 

strong base, such as lithium hexamethyldisilazide or potassium tert-butoxide, followed by quenching of the enolate with 
formaldehyde, gives a primary alcohol which can be protected as its tetrahydropyranyloxy derivative. The resulting ethyl 
3-benzy1oxycarbonyl-5^xo-4-tetrahydr is subjected to 

olefination with base and methyltriphenylphosphonium bromide. Catalytic hydrogenation of the double bond, followed 
by reintroduction of the benzyloxycarbonyl group, gives the ethyl ester of 3-benzyloxycarbonyl-5-methyl-4-tetrahydro- 
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pyranyloxymethyl-3-azabicydo[4.1 .0]heptane-7-carboxylic acid, which can be further elaborated as in Section XI. 
C. R 7 is a methyl group. 

1-Benzyloxycartx)nyl-5-hydroxyO,2,5 > 6-tetrariydropyridine can be transformed into 3-benzyloxycarbonyl-7-bromo- 
7-methyl-5-hydroxy-3-azabicyclo[4.1.0]heptane using methods described in Section XXXVII. Reaction with tri-(n- 
butyl)tin hydride then yields the denominated compound. Oxidation of the alcohol to the ketone with pyridinium chloro- 
chromate or a Swern oxidation provides 3-benzyloxycarbonyl-7-methyl-5-oxo-3-azabicyclo[4.1.0]heptane. Deprotona- 
tion f quenching with formaldehyde, and protection as the tetrahydropyranyl derivative as described in Section B above, 
yields 3-benzyloxycart>onyl-7-methyl-5-oxo^ 1 .ojheptane. Transformation 

of the ketone to the homologated carboxylic acid can be effected as described in Section XXXIV. The resulting 3-ben- 
zyloxycarbonyl-7-methyl-4^ ac id ^ be converted 

as in Section XI to give the desired substituents. 

The pharmaceutical^ acceptable acid addition salts of compounds (I) are prepared in a conventional manner by 
treating a solution or suspension of the free base (I) with about one chemical equivalent of a pharmaceutically accept- 
able acid. Conventional concentration and recrystallization techniques are employed in isolating the salts. Illustrative of 
suitable acids are acetic, lactic, succinic, maleic, tartaric, citric, gluconic ascorbic benzoic, methanesuKonic, p-tolue- 
nesulfbnic, cinnamic, fumaric, phosphonic, hydrochloric, hydrobromic, hydroiodic, sulfamic, and sulfonic acid. 

The pharmaceutically acceptable cationic salts of compounds (I) may be prepared by conventional methods from 
the corresponding acids, e.g. by reaction with about one equimolar amount of a base. These cationic salts do not 
increase the toxicity of the compound toward animal organisms. Examples of suitable cationic salts are those of alkali 
metals such as sodium or potassium, alkaline earth metals such as magnesium or calcium, and ammonium or organic 
amines such as diethanolamine or N-methylglucamine. 

The novel compounds of formula I and the pharmaceutically acceptable acid addition salts thereof are useful in the 
treatment of bacterial infections of broad spectrum, particularly the treatment of gram-positive bacterial strains. 

The compounds of the invention may be administered alone, but will generally be administered in admixture with a 
pharmaceutical carrier selected with regard to the intended route of administration and standard pharmaceutical prac- 
tice. For example, they can be administered orally or in the form of tablets containing such excipients as starch or lac- 
tose, or in capsules either alone or in admixture, with excipients, or in the form of elixirs or suspensions containing 
flavoring or coloring agents. In the case of animals, they are advantageously contained in an animal feed or drinking 
water in a concentration of 5-5000 ppm, preferably 25-500 ppm. They can be injected parenterally, for example, intra- 
muscularly, intravenously or subcutaneously. For parenteral administration, they are best used in the form of a sterile 
aqueous solution which can contain other solutes, for example, enough salt or glucose to make the solution isotonic. In 
the case of animals, compounds can be administered intramuscularly or subcutaneously at dosage levels of about 0.1- 
50 mg/kg/day, advantageously 0.2-10 mg/kg/day given in a single daily dose or up to 3 divided doses. 

The invention also provides pharmaceutical compositions comprising an antibacterially effective amount of a com- 
pound of the formula (I) together with a pharmaceutically acceptable diluent or carrier. 

The compounds of the invention can be administered to humans for the treatment of bacterial diseases by either 
the oral or parenteral routes, and may be administered orally at dosage levels of about 0.1 to 500 mg/kg/day. advanta- 
geously 0.5-50 mg/kg/day given in a single dose or up to 3 divided doses. For intramuscular or intravenous administra- 
tion, dosage levels are about 0.1-200 mg/kg/day, advantageously 0.5-50 mg/kg/day. While intramuscular administration 
may be a single dose or up to 3 divided doses, intravenous administration can include a continuous drip. Variations will 
necessarily occur depending on the weight and condition of the subject being treated and the particular route of admin- 
istration chosen as will be known to those skilled in the art. 

The antibacterial activity of the compounds of the invention is shown by testing according to the Steer's replicator 
technique which is a standard in yjttQ bacterial testing method described by E. Steers et al., Antibiotics and Chemother- 
apy. 9, 307 (1959). 

The temperatures are in degrees Celsius in the following preparations and examples. 
Example A 

1. 5-Benzvl-1.3a.4.5.6.6a-hexahvdro-4. 6-dioxopyrrolo f3.4^lPvrazole-3-carboxvlic acid, ethvl ester 

Ethyl diazoacetate (13 g, 1 1 4 mmd) in diethyl ether (100 ml) was added dropwise to a solution of N-benzylmaleim- 
ide (10 g, 53 mmol) in diethyl ether (250 ml). The resulting mixture was allowed to stir for 18 hours; the solvent was then 
removed jp vacuo, and the resulting residue partitioned between methylene chloride and water. The organic layer was 
dried over sodium sulfate, filtered and concentrated to provide the title product as a white solid, mp 145-146° with 
decomposition (16 g, 53 mmol, 100% yield). 1 H NMR (CDCI3): 7.31 (m, 5H), 7.02 (bs, 1H), 4.89 (dd, J=11, 2 Hz, 1H), 
4.65 (s, 2H), 4.55 (d, J=10 Hz, 1H), 4.36 (q, J=7 Hz, 2H), 1.37 (t. J=7 Hz, 3H). 
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2. f1tt,5tt,6q1-3-Benz^3-azabicvd^^ acid, ethvl ester 

The title compound of Preparation E. 1 . (99 g, 0.33 mol) was thermolyzed in a 1 85° oifoath; after 1 .5 hours, the reac- 
tion was cooled to room temperature and the product recrystallized from diethyl ether to provide the title product as a 
white solid, mp 100-101° (31.2 g, 114 mol, 35% yield). 1 H NMR (CDCI 3 ): 7.29 (s. 5H), 4.50 (s. 2H), 4.17 (q, J=7 Hz, 
2H), 2.86 (d, J=3 Hz, 2H), 2.28 (t, J=3 Hz, 1 H), 1 .26 (t, J=7 Hz, 3H). 

3. f 1 ft.5g.6tt1-3-Benzvl-6-hvdroxvmethvl-3-azabicvclof3.1 .Olhexane 

A solution of ethyl 34>ertzyl-3-azabicyclo(3.1.0]hexane-2,4-cfione-6-carboxylate (2.73 g, 10 mmol) was added to a 
suspension of lithium aluminum hydride (1 .5 g. 40 mmol) in tetrahydrofuran (250 ml). The resulting mixture was heated 
to reflux for 28 hours. The reaction mixture was quenched with saturated aqueous ammonium chloride (2 ml) and fil- 
tered; the filtrate was concentrated in vacuo to provide the title product as a colorless oil (1 .69 g, 8.3 mmol, 83% yield). 
1 H NMR (CDCI 3 ): 7.27 (m, 5H), 3.58 (s, 2H), 3.43 (d, J=7 Hz, 2H), 2.96 (d, J=8 Hz, 2H), 2.35 (bd, J=9 Hz, 2H) t 1 .58 (m, 
1H), 1.28 (S.2H). 

Example B 

1 . U a.5a.6al-6-Hvdroxymethvl-3-azabicvclof3. 1 .OJhexane 

[1a,5a,6a]-3-Benzyl-6-hydroxymethyl-3-azabicyclo[3.1.0]hexane (2.5 g, 12 mmol) was dissolved in methanol (200 
ml), treated with palladium hydroxide on carbon (20% palladium content, 500 mg) and stirred under 1 atmosphere of 
hydrogen for 4.5 hours. The reaction mixture was filtered, and concentrated in vacuo : the residue was mixed with ace- 
tonitrile and allowed to crystallize. Filtration provided the title product as an amorphous white solid, mp 98-100° (1.16 
g, 10.2 mmol, 85% yield). 1 H NMR (CDCI 3 ): 3.49 (d, J=7 Hz, 2H), 2.98 (d, J=1 1 Hz. 2H), 2.85 (bd, J=12 Hz, 2H) f 1.67 
(bs. 2H), 1.33 (m, 2H), 0.89 (m, 1H). 

2. Mtt,5a,6al-3-Benzvloxvcarto^ 

The title compound of Preparation B.1 (1.0 g, 8.8 mmol) was dissolved in dioxane (40 ml) and water (40 ml) and 
treated with sodium bicarbonate (3 g. 36 mmol) and benzyl chlorofbrmate (1.3 ml, 9.1 mmol). After 30 minutes, the 
reaction mixture was extracted with ethyl acetate; the combined organic layers were dried over sodium sulfate, filtered 
and concentrated to provide the title product as an oil (2.15 g., 8.7 mmol, 99% yield). 1 H NMR (CDCI3): 7.32 (bs, 5H), 
5.08 (s, 2H). 3.65 (m, 2H), 3.46 (m, 4H), 1 .45 (m, 2H), 0.91 (m, 1 H). 

3. F1a.5a.6aV3-Benz^o yycarbonvl-3-azabicvclol3.1.01hexane-6-carboxvlic acid 

A solution of the title compound of Preparation B.2 (2.1 g, 8.5 mmol) in acetone (50 ml) was treated dropwise with 
Jones' reagent until an orange color persisted. Isopropanol was then added to quench excess oxidant, and the resulting 
mixture was partitioned between water and methylene chloride. The organic layer was dried over sodium sulfate, filtered 
and concentrated to provide the title product as an oil (2.08 g, 8.0 mmol, 94% yield). 1 H NMR (CDCI3): 7.32 (bs, 5H), 
5.08 (s, 2H), 3.72 (m, 2H), 3.50 (bs, 2H), 2.13 (bs, 2H), 1.47 (t, J=3 Hz, 1H). 

4. f1fl.5q,6q1-3-BenzvloxYrarto^ 

Diphenylphosphoryl azide (865 uJ. 4 mmol), triethylamine (1.1 ml, 8 mmol) and the title compound of Preparation 
B.3. (1.0 g, 3.83 mmol) were dissolved in t-butanol (45 ml) and heated to reflux for 18 hours. The solvent was then 
removed in vacuo, and the residue partitioned between water and ethyl acetate. The combined organic layers were 
dried over sodium sulfate and concentrated to provide a residue which was purified by column chromatography (eluant: 
40% ethyl acetate in hexane). The title product was obtained as an oil (772 mg, 2.3 mmol, 60% yield). 1 H NMR (CDCI3): 
7.31 (s, 5H), 5.06 (s, 2H), 4.65 (bs. 1H), 3.70 (m, 2H), 3.46 (m, 2H), 2.26 (bs, 1H), 1.67 (bs, 2H), 1.41 (s, 9H). 

5. [1 tt.Sa.ettl-e-tert-Butoxvcarbonvlamino-S-azabicvclora. 1 Olhexane 

A solution of the title compound of Preparation B.4. (58 mg, 0.1 7 mmol) was treated with palladium on carbon (10% 
by weight, 60 mg) and ammonium formate (60 mg, 1 mmol) and heated to 65° for 1 5 minutes. The reaction mixture was 
then filtered through Super-cel and the filtrate concentrated in vacuo to provide the title product as a solid (28 mg, 0. 14 
mmol, 82% yield). *H NMR (CDCI3): 4.65 (bs. 1H), 3.14 (d. J=12 Hz, 2H), 2.93 (m, 2H), 2.30 (bs. 1H), 1.59 (bs, 2H), 
1.44 (s.9H). 



21 



EP 0 413 455 B1 



Example C 

1 . ria.56.6a1-3-Be nzvtoxvcarbonvl-5-hvdroxv-3-azabicvclo[4.1 .OJheptane 

5 A flask containing samarium metal (2.7 g, 18.0 mmol) was flame-dried, then charged with tetrahydrofuran (40 ml). 
A tetrahydrofuran solution (30 ml) of mercuric chloride (467 mg, 1 .72 mmol) was added and the mixture was stirred for 
ten minutes. After addition of l-benzyloxy^itKjnyl-S-hydroxy-I^.S.S-tetrahydropyridine, the flask was cooled to -78°C, 
and chloroiodomethane (1 .25 ml, 1 7.2 mmol) was added dropwise. The mixture was stirred at room temperature over- 
night, quenched with saturated aqueous K 2 C0 3 solution, and extracted with ether. The ether layer was washed with 

10 brine, dried over MgS0 4 , and concentrated in vacuo to give a yellow oil. This crude material was chromatographed on 
neutral alumina-activity I (eluant: 50% ethyl acetate/hexane), providing the title compound as a colorless liquid (750 mg, 
3.0 mmol, 81% yield). 

1 H NMR (CDCI 3 ): 7.34 (m, 5H), 5.10 (s, 2H), 4.21 (bs, 1H), 3.68 (d, J=13.2 Hz, 1H), 3.59 (dd, J=13.4, 5.2 Hz, 1H). 
3.36 (dd, J=13.9, 4.9 Hz, 1H), 3.16 (dd, J=13.9, 5.6 Hz, 1H), 1.44 (m, 1H), 1.32 (bm, 1H), 0.65 (m, 1H), 0.49 (q, J=5.2 
75 Hz, 1H). 

2. f1a.5B.6ay3-Benzyl-5-hvdroxv-3-azabicvdor4.1 .0]heptane 

To a solution of the compound of Step 1 (3.55 g, 14.36 mmol) in ethanol (150 ml) was added ammonium formate 
20 (2.71 g, 43.1 mmol), followed by addition of palladium on activated carbon (1 0% palladium content, 456 mg, 4.3 mmol). 
The mixture was stirred at room temperature for 23 hours, then filtered. The filtrate was concentrated on a rotary evap- 
orator to afford the secondary amine (1.62 g, 14.3 mmol, 100% yield). 

To a solution of the above-mentioned secondary amine in methanol (150 ml) was added benzaldehyde (1.6 ml, 
15.8 mmol) and acetic acid (0.82 ml, 14 mmol) followed by addition of sodium cyanoborohydride (1.6 g, 14 mmol). The 
25 mixture was stirred at room temperature overnight. The resulting solution was treated with HCI until the pH value of the 
solution was about 3. A small amount of gas evolution was observed. The solvent was removed in vacuo, and the res- 
idue was treated with aqueous K 2 C0 3 solution (pH > 10) and extracted with methylene chloride. The organic layer was 
washed with brine, dried over magnesium sulfate and evaporated to give the title compound (2.7 g, 13.3 mmol, 93% 
yield). 

30 1 H NMR (CDCI3): 7.34 (m. 2H), 7.25 (m, 3H). 4.16 (m, 1H), 3.43 (d. J=13.1Hz, 1H), 3.36 (d. J=13.1 Hz, 1H), 2.62 
(d, J=10.8Hz, 1H), 2.52 (dd. J=11.3Hz. 5.3, 1H), 2.28 (dd. J=11.8Hz, 4.5. 1H), 2.14 (dd, J=11.8Hz, 4.6, 1H), 1.68 (bs, 
1H), 1.38 (m, 1H), 1.24 (m, 1H), 0.64 (m, 1H), 0.52 (m, 1H). 

3. 3-Benzyl-3-azabicvdo[4.1 .01heptan-5-one 

35 

To a solution of dimethylsulfoxide (4.8 ml, 68.5 mmol) in methylene chloride (150 ml) at -78°C was added oxalyl 
chloride (2.9 ml, 34 mmol). After 15 minutes, the compound of Step 2 (3.4 g, 17 mmol) was added slowly at this tem- 
perature. The mixture was stirred at -78°C for 40 minutes. To this solution was added triethylamine (14.32 ml, 102.8 
mmol). The stirring was continued for an additional 5 minutes and the reaction was allowed to warm to room tempera- 

40 ture. The reaction mixture was poured into saturated sodium chloride solution and extracted with methylene chloride. 
The organic layer was washed with brine, dried over magnesium sulfate and evaporated to give the crude material. This 
was purified by silica gel chromatography (eluant: 15% ethyl acetate/hexane). The title compound was obtained as a 
viscous oil (2.23 g, 11.1 mmol, 65% yield). 

1 H NMR (CDCI3): 7.32-7.21 (m, 5H), 3.50 (d, J=13.2 Hz, 1H), 3.42 (d, J=13.2 Hz, 1H), 3.26 (d, J=18.5 Hz, 1H). 3.09 

45 (d, J-11.1 Hz, 1H), 2.58 (d, J=18.5 Hz, 1H), 2.45 (dd. J=11.1, 1.3 Hz, 1H), 1.92 (q, J=4.6 Hz, 1H), 1.79 (m, 1H), 1.69 
(m, 1H), 1.06 (m, 1H). 

4. 3-Benzyl-3-azabicvdof4.1.01heptan-5-one oxime 

so A solution of the compound of step 3 (2.23 g, 1 1.1 mmol) and hydroxylamine hydrochloride (1.0 g, 14.4 mmol) in 
80% ethanol (1 1 0 ml) was stirred at reflux for 30 minutes. The solvent was removed in vacuo, and the residue was taken 
up in ether. The organic layer was washed with brine, dried over magnesium sulfate and evaporated to give 3-benzyl- 
3-azabicyclo[4.1.0]heptan-5-one oxime as a viscous yellow oil (2.28 g, 10.6 mmol, 95% yield). 

1 H NMR (CDCI3, mixture of two isomers): 8.75 (br m, 2H), 7.34-7.17 (m, 10H), 3.77 (d, J=17.8 Hz, 1H), 3.47 (2 dou- 

55 Wets. J=13.2 Hz, 2H), 3.46 (2 doublets. J=13.2 Hz, 2H), 3.43 (m, 1 H), 3.15 (d, J=14.0 Hz, 1H), 2.96 (d, J=1 1.0 Hz. 1 H), 
2.73 (d, J=17.8 Hz, 1H), 2.67 (d. J=14.0 Hz, 1H), 2.47 (dd, J-11.0, 3.6 Hz, 1H), 2.31 (d, J=1 1.0 Hz, 1H), 2.17 (m, 1H), 
1.71 (m, 1H), 1.43 (m, 2H), 1.36 (m, 1H), 1.05 (m, 1H), 0.99 (m, 1H), 0.76 (m, 1H). 
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5. f1ft,3a,6a1-3-Benzvl-5^tert^oxvcarbon vnamino-3-a2abicvclof4.1 .OJheptane 

To a solution of the compound of step 4 (2.28 g» 10.6 mmol) in tetrahydrofuran (50 ml) was added a solution of lith- 
ium aluminum hydride in tetrahydrofuran (60.6 mmol). The mixture was heated to reflux for 2 hours and, after being 
cooled to room temperature, was quenched with ethyl acetate (1 1.6 ml) followed by water (2 ml), aqueous NaOH (1 5% 
solution, 6.9 ml) and water (6.9 ml). The resulting precipitate was removed by filtration; the filtrate was diluted with sat- 
urated aqueous sodium bicarbonate and extracted with chloroform. The organic layer was washed with brine, dried over 
magnesium sulfate and evaporated to give the title compound as a viscous yellow oil (1.95 g, 9.65 mmol, 91% yield). 
This was carried on to the title compound without purification, via one of two routes: 

a) Via di-t-butyl dicarbonate and triethylamine. 

To a solution of 3-benzyl-5-amino-3-azabicyclo[4.1.0]heptane (1.95 g, 9.6 mmol) and di-t-butyt dicarbonate (2.3 g, 
10.5 mmol) in dioxane (90 ml) and water (10 ml) was added triethylamine (1 .6 ml, 1 1 .5 mmol). The mixture was stirred 
at room temperature for 5 hours, diluted with saturated sodium bicarbonate and extracted with methylene chloride. The 
organic layer was washed with brine, dried over magnesium sulfate and evaporated to give a yellow oil. This oil was 
chromatographed on silica gel (eluant: 30% ethyl acetate/hexane) to afford the title compound (1.3 g, 4.3 mmol, 45% 
yield) from the fraction with high R f value (R, 0.82, 30% ethyl acetate/hexane). The fraction with low R f value (R f 0.68, 
30% ethyl acetate/hexane) provided the [1 a,5p,6a] isomer (0.56 g, 1 .85 mmol, 1 9% yield). 

1 HNMR for title compound (CDCI 3 ): 7.31-7.19 (m, 5H). 5.24(d,J=8.1 Hz, 1H), 3.92 (bs, 1H), 3.38 (d. J=1 3.2 Hz, 
1H), 3.31 (d. J=13.2 Hz, 1H). 2.95 (dd. J=11.2, 7.6 Hz, 1H), 2.31 (d. J=11.9 Hz, 1H), 2.13 (m, 2H), 1.41 (s, 9H), 1.09 
(m, 1H), 0.95 (m, 1H), 0.63 (m, 1H), 0.26 (m, 1H). 

1 H NMR for [1a,5p.6a] isomer (CDCI 3 ): 7.30-7.20 (m, 5H), 4.70 (bd, 1H), 4.10 (m, 1H), 3.42 (d. J=13.1 Hz, 1H), 
3.34 (d, J=13.1 Hz, 1H), 2.61 (m, 1H), 2.51 (m, 1H),2.31 (dd. J-11.9, 4.9 Hz, 1H),2.11 (dd, J=11.9, 3.5 Hz, 1H), 1.40 
(s. 9H), 1.31 (m, 1H), 1.17 (m, 1H), 0.47 (m, 2H). 

b) Via di-t-butyl dicarbonate and sodium hydroxide. 

To a solution of 3-benzyl-5-amino-3-azabicyclo[4.1 .OJheptane (518 mg, 2.56 mmol) and di-t-butyl dicarbonate (671 
mg, 3.58 mmol) in dioxane (15 ml) was added powdered sodium hydroxide (143 mg) followed by addition of water (5 
ml). The mixture was stirred for 1 hour, diluted with water and extracted with ether. The ether layer was washed with 
brine, dried over magnesium sulfate and evaporated to give an off-white solid, which was chromatographed on silica gel 
(eluant 30% ethyl acetate/hexane) to afford the title compound as a white solid (187 mg. 0.619 mmol, 24% yield), the 
[1a,50,6a] isomer of the title product (144 mg, 0.477 mmol, 19% yield), and a mixture of the title compound and its iso- 
mer (263 mg, 0.87 mmol, 34% yield). 

6. f 1 a.5a.6a1-5-(tert-Butoxv carbonvl)amino-3-azabicvclor4. 1 .Olheotane 

To a solution of the title compound of step 5 (1.3 g, 4.3 mmol) in ethanol (50 ml) was added ammonium formate 
(0.81 g, 12.9 mmol) followed by palladium on activated carbon (10% palladium content, 0.136 g, 1.29 mmol). The mix- 
ture was stirred at room temperature for 2 hours, and then filtered. The filtrate was concentrated in vacuo to afford the 
title compound as a white solid (830 mg, 3.9 mmol, 91% yield). 

1 H NMR (CD3OD): 3.60 (m, 1H) 3.10 (dd, J=13.1, 5.7 Hz, 1H), 2.83 (d. J-13.1 Hz, 1H), 2.61 (dd. J-13.1, 4.7 Hz, 
1H). 2.27 (dd. J=13.1, 7.1 Hz, 1H), 1.43 (s, 9H). 0.99 (m, 1H), 0.89 (m, 1H), 0.69 (m, 1H), 0.30 (q, J=5.4 Hz, 1H). 

Example D 

1 . f1ft,5B.6a1-5-(tert-Butoxvcarbonvf)amino-3 -azabicvcloF4.1 Olheptane 

To a solution of [1a,5p,6a]-3-benzyl-5-(tert-butoxycarbonyl)amino-3-azabicyclo[4.1.0]heptane, obtained as the 
minor isomer from Preparation 0.5, (800 mg, 2.64 mmol) in ethanol (50 ml) was added ammonium formate (500 mg, 
7.92 mmd) followed by palladium on activated carbon (10% palladium content, 837 mg, 0.79 mmol). The mixture was 
stirred at room temperature for 1.5 hours, then filtered. The filtrate was concentrated in vacuo to afford 570 mg of the 
title compound as a waxy yellow solid (570 mg, > 1 00% weight recovery). 

1 H NMR (CDCI3): 4.80 (bm, 1H), 4.01 (m, 1H), 3.11 (m, 2H), 2.85 (m, 2H), 2.33 (m, 1H), 1.42 (s. 9H), 1.33 (m, 1H), 
1.19 (m, 1H),0.57(m, 1H),0.45(m. 1H). 
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Example E 

1. f 1fl,6qJql-3-Benzy1oxvca^ ethvl ester 

A solution of benzyl 1,2,5,6-tetrahydropyridine-l-carboxylate (20 g, 92 mmol) in methylene chloride (92 ml) was 
treated with rhodium acetate (1 .2 g, 5.5 mmol). A solution of ethyl diazoacetate (31.5 g, 276 mmol) in methylene chlo- 
ride (8.6 ml) was then added over 22 hours, via syringe pump. After completion of the addition, the reaction mixture was 
filtered through celite; concentration of the filtrate provided the title compound, which was used in step 2 without purifi- 
cation. 

1 H NMR (CDCI 3 ): 7.32-7.23 (m, 5H), 5.09 (s. 2H), 4:08) (q, J=7.3Hz, 2H), 3.96 (d, J=13.8 Hz, 1 H), 3.55 (dd, J=13.8, 
4.1 Hz, 1H),3.45(bm, 1H),3.01 (m, 1H), 1.96 (m, 1H), 1.78-1.66 (bm. 3 H), 1.45 (t, J=4.3Hz, 1H), 1.23 (t, J=7.3 Hz, 3H). 

2. [1 ft,6a,7a1-3-Benzvloxvcarbonvl-3-azabicvclor4.1 .QIheptane-7-carboxvlic acid 

The title compound of step 1 was dissolved in aqueous dioxane (20% by volume, 200 ml). Powdered sodium 
hydroxide (38 g) was added, and the mixture was stirred at 85°C overnight. After being cooled to room temperature, the 
solution was extracted with ether. The aqueous layer was acidified with sodium bisuHate to a pH of 2 and extracted with 
methylene chloride. The methylene chloride layers were washed with brine, dried over magnesium sulfate and concen- 
trated to afford the title compound (13.09 g, 47.5 mmol, crude). This material was utilized in the next reaction step with- 
out purification. 

1 H NMR (CDCI3): 7.32-7.23 (m, 5H), 5.09 (s, 2H), 3.96 (d, J=13.8 Hz, 1H), 3.76 (m, 1H), 3.56 (dd, J=13.8, 3.9 Hz, 
1 H), 3.47 (m, 1 H), 3.02 (m, 2H), 1 .96 (m, 1 H), 1 .75 (m, 1 H), 1 .46 (t, J=3.9 Hz, 1 H). 

3. f 1 a.6a.7a1-3-Benzv1o xvcarbonvl-7-ft^^ 

A mixture of the compound of step 2 (13.09 g, 47.5 mmol) and triethylamine (7.28 ml, 52.2 mmol) in acetone (150 
ml) was cooled to 0°C; ethyl chloroformate (5.4 ml, 57.0 mmol) was added dropwise. The mixture was stirred at 0°C for 
30 minutes. A solution of sodium azide (30.85 g, 475 mmol) in water (70 ml) was then added slowly. After an additional 
2 hours, the mixture was diluted with water and extracted with ether. The ether layer was washed with brine, dried over 
magnesium sulfate and concentrated in vacuo to give the acyl azide (7.90 g, 26.3 mmol, crude) which was used directly 
in the next reaction. 

A solution of the acyl azide in toluene (150 ml) was added dropwise to a toluene solution (150 ml) of t-butanol (30 
ml) and pyridinium tosylate (9 mg) at 100°C. After completion of the addition, the reaction mixture was maintained at 
100°C for 12 hours. The reaction mixture was concentrated in vacuo, and the residue was chromatographed on silica 
gel (eluant: 20% ethyl acetate/hexane), providing the title compound as a viscous yellow oil, (2.4 g, 6.9 mmol, 7.5% 
yield from benzyl 1,2,5,6-tetrahydropyrkJine-1-carboxylate). 

1 H NMR (CDCI3): 7.31 (m, 5H), 5.08 (s, 2H), 4.72 (bs. 1H), 3.88 (bd, J=13.5 Hz, 1H), 3.62 (bm, 1H), 3.32 (bm, 1H), 
3.00 (bm, 1H), 2.27 (bm, 1H), 1.94 (m, 1H), 1.77 (m, 1H), 1.41 (s, 9H), 1.19 (m, 2H). 

4. f1 g,6tt Jfl]-7-(tert-Butpxyca.ito^ 

To a solution of the compound of step 3 (2.3 g, 6.6 mmol) in ethanol (100 ml) was added ammonium formate (1 .24 
g, 19.8 mmol) followed by palladium on activated carbon (10% palladium content, 2.09 g, 1.9 mmol). The mixture was 
stirred at 60°C for 1 hour and then at room temperature overnight. The reaction mixture was filtered, and the filtrate was 
concentrated in_yacuo to afford the title compound as a viscous, pale yellow oil (1.38 g, 6.51 mmol, 91% yield). 

1 H NMR (CD3OD): 3.20 (dd, J=13.2, 5.8 Hz, 1H), 2.97 (dd, J=13.2, 1.5 Hz, 1H), 2.45 (m, 1H), 2.43 (m, 1H), 2.33 
(m. 1H), 1.92 (m, 1H), 1.72 (m, 1H), 1.43 (s, 9H), 1.11 (m, 1H), 1.03 (m, 1H). 

The following examples illustrate the invention. 

Example 1 

A. 7-(na.5q.6a1-6-tert-Butoxvrar^ 

4-0x0-1 ,8-naphthyridine-3-ca rboxylic acid, ethyl ester 

A solution of [1 a,5a,6a]-6-tert-butoxycarbonylamino-3-azabicyclo[3. 1 .0]hexane (200 mg, 1 .0 1 mmol) in acetonitrile 
(35 ml) and triethylamine (5 ml) was treated with the ethyl ester of 7-chloro-6-f luoro-1 -(2,4-dif luorophenyl)-1 ,4-dihydro- 
4-0x0-1 ,8-naphthyridine-3-carboxylic acid (385 mg, 1.01 mmol) and heated to 90° for 18 hours. Removal of solvent in 
vacuo gave a residue which was partitioned between ethyl acetate and water. The organic layer was treated with acti- 
vated charcoal, filtered, and concentrated; the residue was then subjected to column chromatography (eluant: 5% 
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methanol in chloroform). The material thus obtained was recrystallized from diethyl ether to give the title product mp. 
256-258°, (296 mg, 0.54 mmol. 54% yield). 1 H NMR (CDCI3): 8.35 (s, 1H), 8.06 (d. J=13 Hz, 1H). 7.37 (m, 1H), 7.05 
(m, 2H), 4.72 (vbs, 1H), 4.37 (q, J=7 Hz, 2H), 3.81 (vbs. 2H), 3.55 (bm, 2H), 2.26 (bs. 1H), 1.78 (bs, 2H), 1.43 (s, 9H), 
1.38 (t, J=7 Hz, 2H). 

B. 7-(ria.5a.6a1-6-Amino-3-azabicvclof 3.1 .01-3-vl)-6-fluoro-1 -(2.4-dif luorophenyl)-1 .4<jihvdro-4-oxo-1 .8-naphthvrid- 
ine-3-<arboxv1ic acid, hydr ochloride salt 

The title compound of Example 1 .A (250 mg, 0.46 mmol) was dissolved in hydrochloric acid (6N, 20ml) and heated 
to reflux for 24 hours. The solvent was then removed in vacuo, and the residue trrturatad with acetonitrile, washed with 
diethyl ether and recrystallized from acetonitrile-methanol. The title product was obtained as a pale yellow solid, mp 
246° with decomposition (116 mg, 0.26 mmol, 57% yield). 1 H NMR (Methand-d^: 8.68 (s, 1H), 7.96 (d, J=13 Hz, 1H), 
7.57 (m, 1H), 7.22 (m, 1H), 7.14 (m. 1H), 3.82 (vbs, 2H), 3.62 (vbs. 2H), 2.37 (bs, 1H), 2.03 (bs. 2H). 

Example 2 

A. 7-M -tert-Butoxvcafbo nvlamino-3-azabicvclof4. 1 .01heDt-3-vn-6-f luoro-1 -(2.4<lif luorophenvlH .4-dihvdro-4-oxo-1 .8- 
naphthyridine-3-catboxYlic acid, ethyl ester 

A solution of 1 -tert-butoxycarbonylamino-3-azabicyclo[4.1 .0]heptane (200 mg, 0.94 mmol) and the ethyl ester of 7- 
chloro-6-f luoro-1 -(2,4-difluoropheny1)-1,4-dihydro-4-oxo-1,^^^ acid (327 mg, 0.85 mmol) in 

acetonitrile (12 ml) was heated at reflux for 3 hours. Solvent was removed in vacuo, and the residue was chromato- 
graphed on silica gel (eluant: 50% ethyl acetate/hexane) to afford the title product as an off-white solid (423 mg, 0.758 
mmol, 88% yield). 

1 H NMR (CDCI3): 8.33 (s, 1H), 8.02 (d, J=13 Hz, 1H), 7.33 (m, 1H), 7.01 (m. 2H), 4.83 (bs, 1H), 4.35 (g. J=7 Hz, 
2H), 4.11 (bd, J=13 Hz, 1H). 3.52 (bm, 2H), 3.09 (bm, 1H), 1.99 (bm, 1H), 1.58 (bm, 1H), 1.40 (s, 9H), 1.35 (t J=7 Hz, 
3H), 0.78 (dd, J=12,6 Hz, 1H), 0.42 (t, J=4 Hz, 1H). 

B. 7-(1 -Amino-3-azabicvclof4.1 .0]hept-3-vl)-6-fluoro-1 -f2.4^ifluoroDhenvl)-1 4 Hdihvdro-4-oxo-1 .8-naDhthvridine-3-caf- 
boxvlic acid, hydrochloride salt 

A solution of the compound of step A (300 mg, 0.54 mmol) in ethyl acetate (6 ml) and 3N hydrochloric acid (6 ml) 
was heated to reflux overnight. Solvents were removed in vacuo, and the residue was recrystallized from methanol-ace- 
tonitrile to give the title product as a white solid, mp 192°C (decomp.) (155.5 mg, 0.338 mmol. 62% yield). 

1 H NMR (DMSOd 6 ): 8.86 (s, 1H), 8.16 (d, J=13.7 Hz, 1H), 7.80 (m, 1H), 7.60 (m, 1H) t 7.34 (m, 1H), 4.04 (dd, 
J=13.8, 8.2 Hz, 1H), 3.87 (dd,J=13.8. 9.2 Hz, 1H),3.40 (m, 1H),3.18(m, 1H), 1.97 (m, 1H), 1.46 (m, 2H). 1.10 (m, 1H), 
0.64 (m, 1H). 

Example 3 

A. 7-(1 -tert-But oxYcarbonYlamino-3-a z abi c v clo r 4. 1 .01he o t-3-v n -1 -cvcloDrop v l-6-f luoro-1 .4-dihvdro-4-oxoK3uinoline-3- 
carboxvlic acid 

According to the procedure of Example 2A, 1-tert-butoxycarbonylamino-3-azabicyclo[4.1.0]heptane (270.0 mg, 
1.27 mmol) and 1-cyclopropyl-6,7<lif luoro-1, 4^ acid (275.6 mg, 1.03 mmol) were 

reacted to generate the title compound (304.2 mg, 0.666 mmol, 65%). 

1 H NMR (CDCI3): 8.70 (s, 1H), 7.93 (d. J=13.3 Hz, 1H), 7.28 (m, 1H), 5.03 (bs, 1H), 3.82 (m, 1H), 3.46 (m, 3H), 
3.19 (bm, 1H), 2.24 (bm, 1H), 1.93 (bm, 1H), 1.63 (bm, 1H), 1.43 (s, 9H), 1.37 (m, 2H), 1.16 (bs, 2H), 0.94 (dd. J=9.7, 
5.5 Hz, 1H), 0.80 (t, J=6.0 Hz, 1H). 

B. 7-(1-Amino-3- azabicyc)oF^ acid. 
hydrochloride salt 

According to the procedure of Example 2B, the compound of Step A (287.2 mg, 0.63 mmol) was converted with 
hydrochloric acid to provide the title compound, mp 235°C (152.4 mg, 0.387 mmol, 62% yield). 
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Example 4 

A. 7-( 1 -tert-Butoxvcarbo nviamino-3-azabicvclof4.1 .01hept-3-vl)6-fluoro-1 -(2,4-difluorophenvl)-1 .4<iihvdro-4-oxo-qu»no- 
line-3-carboxvlic acid, ether ester 

According to the procedure of Example 2A, 1-tert-butoxycarbonylamino-3-azabicyclo[4.1.0]heptane (270.0 mg, 
1 .27 rrtrnol) and 6,7 difluoro-1-(2,4<lifluorophenyl)-1,4Kiihydro^-oxo<iuinoline^-<»rboxy!ic acid, ethyl ester (463.6 mg, 
1 .27 mmol) were reacted to generate the tile compound (333.3 mg, 0.59 mmol, 47% yield). 

1 H NMR (CDCI3): 8.24 (s. 1H), 7.92 (d. J=14 Hz, 1H), 7.54 (m, 1H) f 7.13 (m, 2H), 6.03 (m, 1H), 4.99 (bs, 1H), 4.31 
(q, J=7 Hz, 2H), 3.46 (m, 1H), 3.14 (m, 2H), 2.86 (m, 1H). 2.09 (bm ( 1H), 1.77 (m, 1H), 1.38 (m, 13H), 0.84 (dd, J=9. 6 
Hz, 1H), 0.71 (m, 1H). 

B. 7-(1-Amino-3-azabicvdof4.1.0lhert-3-vl)-6-fl^ 

acti. hydrochloride salt 

According to the procedure of Example 2B, the compound of Step A (333.3 mg, 0.59 mmol) was converted with 
hydrochloric acid to provide the title product, mp 223°C (decomp), (128.5 mg, 0.276 mmol, 47% yield). 

1 H NMR (DMSO-d 6 ): 8.84 (s, 1 H), 7.98 (d, J=13.5 Hz, 1H), 7.93 (m, 1 H), 7.75 (m, 1 H), 7.46 (m, 1 H), 6.22 (d, J=7.3 
Hz, 1H), 3.62 (d, J=12.3 Hz, 1H), 3.40 (dd, J=12.3, 3 Hz, 1H), 3.15 (m, 1H), 2.93 (m, 1H), 2.10 (m, 1H), 1.63 (m, 1H), 
1.52 (m, 1H), 1.14 (dd, J=10.4, 5.7 Hz, 1H), 0.71 (m, 1H). 

Example 5 

A. 7-(f1 ft 1 5a l 6ttVStert-Butoxvcarbonvlamino-3>azabicvclor4. 1 .01hept-3-vn-6-f luoro- 1 -(2.4-dif luorophenvO-l .4-dihvdro- 
4-OXO-1 .8-naphthvridine-3-carboxvlic acid, ethvl ester 

According to the procedure of Example 2A, [1a,5a,6a]-5-tert-butoxycarbonylamino-3-azabicyclo[4.1.0]heptane 
(122 mg, 0.57 mmol) and the ethyl ester of 7-chloro^-fluoro-1-(2,4<!rtluorop^ 

ine-3-carboxylic acid (218 mg, 0.57 mmol) were reacted to generate the title product (205 mg, 0.367 mmol, 64% yield). 

1 H NMR (CDCI3): 8.36 (s. 1H), 8.09 (d, J=13.8 Hz, 1H), 7.37 (m, 1H), 7.05 (m, 2H), 4.75 (m, 1H), 4.36 (q, J=7 Hz, 
2H), 3.87 (m, 2H), 3.46 (m, 2H), 3.20 (m, 1H), 1.43 (s. 9H), 1.36 (t, J=7 Hz, 3H), 1.08 (m, 2H) f 0.73 (m, 1H), 0.24 (m t 
1H). 

B. 7-([1g,5tt,6a]'5-AminQ- 3-aza bi c yclQ[4.1 . Q ]h ep t-3-yl)-6-f l up rp-1 -( 2,4-dif luo r op h enyl)-1 ,4Hff hytfrQ-4-pxp-l ,8-na pht hy - 
ridine-3-carboxvlic acid, hydrochloride salt 

According to the procedure of Example 2B, the compound of Step A (155 mg, 0.27 mmol) was converted with 
hydrochloric acid to provide the title product, mp 200-210°C (decomp) (50.1 mg, 0.1 1 mmol, 40% yield). 

1 H NMR (D 2 0): 8.83 (bs, 1H), 7.88 (bm, 1H), 7.60 (bm, 1H), 7.29 (bm, 2H), 3.9-3.6 (m, 5H), 1.38 (bm, 1H), 1.24 
(bm, 1H), 0.92 (bm, 1H), 0.42 (bm, 1H). 

Example 6 

A. 7-(ria.5a.6a1-5-tert-Butoxvcarto^ 
1,8-naphthYridine-3-carboxy1ic acid, ethyl ester 

According to the procedure of Example 2A, [1a,5a,6a]-5-tert-butoxy<»rbonylan^no-3-azabicyclo[4.1.0]heptane 
(150 mg, 0.7 mmol) and the ethyl ester of 7-chloro-1-cyclopropyl-6-fluoro-1^ 

boxylic acid (21 7.3 mg, 0.7 mmol) were reacted to generate the title product (230 mg, 0.47 mmol, 67% yield). 

1 H NMR (CDCI3): 8.47 (s, 1 H), 8.06 (d, J=13.2 Hz, 1 H) 5.33 (bs, 1 H), 4.35 (q, J=7.3 Hz, 2H), 4.20 (m, 1 H), 4.1 1 (m, 
1 H), 3.79 (m, 2H), 3.55-3.35 (m, 2H), 1 .41 (s. 9H), 1 .37 (t, J=7.3 Hz, 3H), 1 .21 (m, 4H), 0.98 (m, 2H), 0.81 (m, 1 H). 0.34 
(m, 1H). 

B. 7-(ria.5a.6a1-5-Amino-3-azabicyclo(4.1 .0]heot-3-vl)-1 -cvcloproPvl-6-f luoro-1 .4-dihvdro-4-axo-1 .8-naphthyridine-3- 
carboxylic acid, mesylate salt 

According to the procedure of Example 2B, the compound of Step A (220 mg, 0.45 mmol) was converted with 
methanesulfonic acid in dioxane (15 ml) and water (15 ml) to provide the title compound, mp > 260°C (153.8 mg, 0.339 
mmol, 75% yield). 
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1 H NMR (D 2 0): 8.58 (s, 1H), 7.72 (d, J=12.6 Hz, 1H), 4.33 (bm. 1H). 4.08-3.84 (m, 5H), 2.81 (s, 3H), 1.55 (m, 1H). 
1.33 (bs, 3H), 1.07 (bs, 3H), 0.60 (bs. 1H). 

Example 7 

5 

A. 7-(f 1ft l 5ft > 6tt1>5-tert-Butoxvcarbonviamino-3-azabicvclof4.1.01 ^ -cvcloproovl-6-f luoro-1 .4-dihvdro-4-oxo- 
auinoline-3-carboxylic acid 

According to the procedure of Example 2A, [1a,5a,6a]-5-tert-butoxycarto^ 
w (187.8 mg, 0.88 mmol) and 1^yclopropyl-6,7<Jifluoro-1,4<Jihy^^^ acid (210 mg, 0.79 

mmol) were reacted to generate the title product, mp 167°C (195 mg, 0.426 mmol. 48% yield). 

B. 7-(f1q,5q,6a1-5-Amino^-azabicvd^ 

lie acid, hydrochloride salt 

15 

According to the procedure of Example 2B. the compound of step A (195 mg, 0.43 mmol) was converted with 
hydrochloric acid to provide the title product, mp 210°C (decomp.) (1 13.4 mg. 0.289 mmol. 67% yield). 

1 H NMR (D 2 0): 8.53 (bs. 1H), 7.47 (m, 2H). 4.00 (bs. 1H), 3.88 (m, 1H), 3.68-3.40 (m, 3H) ( 3.21 (m, 1H), 1.62 (m, 
1H), 1.44 (m,2H), 1.37 (m, 1H), 1.18 (m,2H), 1.09 (m, 1H). 0.73 (m. 1H). 

20 

Example 3 

A. 7-a 1 a.5a.6a1-5-tert-Birtoxvcarbonvtamino-3-a zabicvdor4. 1 .0]hept-3-yl)>1 -cyclopropyl-a8-drf luoro-1 4-dihydro-4- 
oxo-auinoline >3-carboxvlic acid 

25 

According to the procedure of Example 2A, [1a,5a, 6a]-5-tert-butoxycarbonylamino-3-azabicyclo[4.1.b]heptane 
(200 mg, 0.94 mmol) and 1-cydopropyl-6,7,8-trifiuoro-1,4-dihydro-4-oxo^ acid (313 mg, 0.94 

mmol) were reacted to generate the title product (290 mg, 0.61 mmol, 65% yield). 

1 H NMR (CDCI 3 ): 8.74 (s. 1H), 7.84 (d, J=11.6 Hz, 1H), 4.98 (m, 1H), 4.04 (m, 1H), 3.93 (m, 1 H), 3.70 (dd, J=12.3, 
30 5.6 Hz, 1H), 3.40 (d, J=12.3 Hz, 1H), 3.32 (m. 1H). 2.89 (m, 1H), 1.39 (s, 9H), 1.24 (m, 2H), 1.12 (m, 2H), 1.04 (m, 1H). 
0.79 (m, 1H), 0.51 (m, 1H), 0.29 (m, 1H). 

B. 7-(ri ft> 5 ttl 6ft1-5>Amino-3>azabicvclof4.1 .01hept-3-vlV1 •cvcloproovl-e.S ^if luoro-1 .4-dilwdro-4-oxo-ouinoline-3-car- 
boxyiic acid, mesylate salt 

35 

According to the procedure of Example 2B, the compound of step A (290 mg, 0.61 mmol) was converted with meth- 
anesulfonic acid in dioxane (1 0 ml) and water (1 0 ml) to provide the title product, mp > 250°C (51 . 1 mg, 0. 1 1 mmol, 1 8% 
yield). 

1 H NMR (D 2 0-NaOH): 8.50 (s, 1H), 7.66 (d, J=12.4 Hz, 1H), 4.01 (m, 1H), 3.68 (m, 1H), 3.45 (d, J=11.6 Hz, 1H), 
40 3.30 (d, J=11.6 Hz, 1H), 3.22 (m, 1H), 2.83 (s, 3H), 2.79 (m, 1H), 1.23 (m, 2H), 1.10 (m, 2H), 0.98 (m, 1H), 0.74 (m, 
1H),0.46(m, 1H),0.22(m, 1H). 

Example 9 

45 A. 7-(f 1 tt.5a.6aV5-tert-Butoxvcarbonvlami no-3-azabicvclor4. 1 .01heDt-3-yl)-5-amino- 1 -cvclopropyl-6.8-dif luoro-1 .4- 
dihvdro-4-oxo-Quindine-3-rarboxvlic acid 

According to the procedure of Example 2A, [1a,5a,6a-5-tert-butoxycarbonylamino-3-azabicyclo[4. 1.0] heptane 
(1 10 mg, 0.52 mmol) and 5-amino-1 -cyclopropyl -6,7, 8-trif luoro-1 ,4-dihydro-4-oxo-quinoline-3-carboxylic acid (140 mg, 
so 0.46 mmol) were reacted in dimethylsuKoxide to generate the title product (220 mg, 0.45 mmol, 98% yield). 

1 H NMR (DMSO-de): 8.48 (s. 1H). 7.25 (bs, 1H), 7.10 (d, J=7 Hz, 1H), 4.00 (m, 1H), 3.72 (m, 1H), 3.61 (bd, J=10 
Hz. 1H), 3.47 (d, J=12 Hz, 1H), 2.76 (t, J=10 Hz, 1H), 1.38 (s, 9H), 1.16 (m, 1H), 0.97 (m, 1H), 0.69 (m, 1H), 0.35 (m, 
1H). 

55 A. 7-(f 1 ft l $ft,ggl-5-Amino-3-azabicvclor4. 1 .01hept-3-vn-5-amino-1 -cvcloprop vl^6.8-dif luoro-1 .4Kiihvdro-4-oxo-ouino- 
line-3-carboxvlic acid, hydrochloride salt 

According the the procedure of Example 2B, the compound of step A (220 mg, 0.45 mmol) was converted with 
hydrochloric acid to provide the title product, mp > 238°C (76.5 mg, 0.18 mmol. 40% yield). 
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1 H NMR (DMSO-dg/I^O): 8.50 (s. 1H), 3.99 (m, 1H), 3.62 (m t 1H), 3.47 (m, 2H), 3.01 (m, 2H) t 1.32 (m, 1H), 1.07 
(m, 5H), 0.81 (m, 1H), 0.53 (m, 1H). 

Ex a mple 10 

A. 7-(f1 g.5p.6al-5-tert>Butoxvcartx)nvlamino-3-azabicvclo r4. 1 .01hept-3 -yl)-6-f luoro-1 -(2.4-dif luorophenyl)-1 ,4-dihvdro- 
4-0X0-1 .8-naphthwidine-3-carboxvlic acid, ethyl ester 

According to the procedure of Example 2A, [1a r 5p,6a]-5-tert-butoxycarbonylamino-3-azabicyclo[4.1.0]heptane 
(212 mg., 1 .0 mmol) and the ethyl ester of 7-chloro-6-f luoro-1 -(2,4-difluorophenyl)-1 ,4-dihydro-4-cxo-1 ,8-naphthyridine- 

3- carboxyllc acid (363.3 mg, 0.95 mmol) were reacted to generate the title product (389 mg, 0.70 mmol, 73% yield). 

1 H NMR (CDCI 3 ): 8.35 (s, 1H), 8.08 (d, J=13 Hz, 1H), 7.35 (m, 1H), 7.05 (m, 2H), 4.58 (m, 1H), 4.36 (q, J=7 Hz, 
2H), 4.05 (m, 1H), 3.80 (m, 1H), 3.45 (m, 1H), 3.30 (m, 1H). 1.44 (bs, 10H), 1.38 (t, J=7 Hz, 3H). 1.22 (m, 1H), 0.54 (m, 
1H), 0.26 (m,1H). 

B. 7- ([1 a.5p.6a1-5-Amino»3-azabicyclo[4.1 ,01hept-3-vl)-6-f luoro-1 -(2.4-dif luorophen yl)-1 .4-dihydro-4-oxo-1 .8-naphthv- 
ridine-3-car boxylicacid. hydrochloride salt 

According to the procedure of Example 2B, the compound of step A (383.4 mg, 0.68 mmol) was converted with 
hydrochloric acid to provide the title product, mp > 200°C (173.1 mg, 0.377 mmol, 55% yield). 

1 H NMR (D 2 0): 8.85 (s. 1H), 7.95 (d, J=12.8 Hz, 1H), 7.60 (m, 1H), 7.32 (m, 2H), 4.03 (m, 1H), 3.96-3.73 (m, 2H), 
3.53 (m, 2H), 1.55 (m, 1H), 1.46 (m, 1H), 0.84 (m, 1H), 0.56 (m, 1H). 

Example 1 1 

A. 7-f [1 a.5B.6aV5-tert-Butoxvcarbonvlaminc~3-azabicvclof4. 1 .0]hept-3-vl)-1 -cvclopropvl-6-f luoro-1 .4-dihvdro-4-oxo- 
auinonne-3-carboxvlic acid 

According to the procedure of Example 2A, [1a,5p,6a]-5-tert-butoxycarbonyta 
(133 mg, 0.62 mmol) and 1-cydcpropyl-6,7-d"rfluorc-1,4<lihydro-4-oxo-quinoIine-3-can^xylic acid (164 mg, 0.62 mmol) 
were reacted to generate the title product (99.6 mg, 0.218 mmol, 35% yield). 

1 H NMR (CDCI3): 8.72 (s, 1H), 7.96 (d, J=13.3 Hz, 1H), 7.38 (d, J=7.2 Hz, 1H), 4.82 (bd, J=7.6 Hz, 1H), 4.28 (m, 
1H), 3.58 (m. 3H), 3.30 (m, 1H), 3.12 (m, 1H), 1.44 (m, 13H), 1.15 (m, 2H), 0.71 (m, 1H), 0.62 (m, 1H). 

B. 7-([1 a.5P,6ft]-5-Amino-3-asabicyc|Q [4» 1 .Q]hept-3-yl)-1 -cycloprppyl-6-f luoro-1 ,4^ihyctro-4-<yo-quiTOiine-3-<^rboxylic 
acid, hydrochloride salt 

According to the procedure of Example 2B, the compound of step A (99 mg, 0.21 mmol) was converted with hydro- 
chloric acid to provide the title product, mp 252°C (decomp.) (32 mg, 0.081 mmol, 38% yield). 

1 H NMR (DMSO-d 6 ): 8.71 (s, 1H), 8.39 (bs, 2H), 7.97 (d. J=13 Hz, 1H), 7.62 (bs, 1H), 4.0-3.2 (m, 6H), 1.57 (m, 
2H). 1.41 (m, 2H), 1.24 (m, 2H), 1.00 (m, 1H), 0.81 (m, 1H). 

Example 12 

A. 7-(f 1 a.6a.7a1-7-tert-Butoxvcarbonvlamino-3-azabicvclor4. 1 .01hept-3-vl)-6-f luoro-1 -(2.4<iifluorophenyl)-1 .4-dihydro- 

4- 0x0-1 .8-naphthvridine-3-carboxvlic acid, ethvl ester 

According to the procedure of Example 2A, (1a,6a,7a]-7-tert-butoxycarbonylamino-3-azabicyclo[4.1.0]heptane 
(300 mg, 1.41 mmol) and the ethyl ester of 7-chloro-6-f luoro-1 -(2 t 4-difluorophenyl)-1,4-dihydro-4-Qxo-1,8-naphthyrid- 
ine-3- carboxylic acid (535.3 mg, 1 .40 mmol) were reacted to generate the title product (780 mg 1 .39 mmol, 99%). 

1 H NMR (CDCI3): 8.40 (s, 1H), 8.12 (d, J=13 Hz, 1H). 7.43 (m, 1H), 7.09 (m, 2H) t 4.70 (m, 1H), 4.43 (q, J=7 Hz, 
2H), 3.92 (d. J=12 Hz, 1H), 3.70 (m, 1H), 3.40 (m, 1H) f 3.10 (m, 1H), 2.28 (m, 1H), 1.99 (m, 1H), 1.82 (m, 1H), 1.45 (s, 
9H), 1.42 (t, J=7 Hz, 3H), 1.21 (m, 2H). 

B. 1 7-(ri tt ,6ft t 7ffl-7-Aminp-3-azabicyclQ[4.1 .01hept-3-Yi)-g-flM0ro-1-(2,4^iflgprQphenyf)-1 t 4-dihYdro-4-oxo-1 ,8-naph- 
thvridine-3-carboxylic acid, hydrochloride salt 

According to the procedure of Example 2B, the compound of step A (283 mg, 0.51 mmol) was converted with 
hydrochloric acid to provide the title product, mp 204°C (decomp.) (150 mg, 0.322 mmol, 63% yield). 
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1 H NMR (D 2 0): 8.81 (s. 1H), 7.76 (d, J=13.5 Hz, 1H), 7.57 (m, 1H), 7.29 (m, 2H), 4.01 (d. J=14.9 Hz, 1H), 3.81 (bd. 
J=13.3 Hz. 1H), 3.45 (m, 1H), 3.20 (m, 1H). 2.50 (bs. 1H), 2.05 (m, 1H), 1.79 (m, 1H), 1.61 (bs, 2H). 

B.2 7-ff1a,6fl,7fl1-7-AminQ-3-azabicvclor4.1 .01hep1-3-vn-6>ftuoro-1-f2.4<ilfhjoroohenvlV1 ^ihvdro^-oxn-i ft-n^ph- 
* thyridine-3<arboxvlic acid, mesylate salt 

According to the procedure of Example 2B, the compound of step A (770 mg, 1 .37 mmol) was converted with meth- 
anesulfonic add in dioxane (10 ml) and water (10 ml) to provide the title product, mp 219°C (decomp.) (249.5 mg, 0.474 
mmol, 35% yield). 

io 1 H NMR (D 2 0-NaOH): 8.35 (s, 1H), 7.93 (d, J=13.4. 1H), 7.54 (m, 1H), 7.24 (m, 2H), 3.85-3.60 (m, 2H), 3.33 (m, 
1H), 3.06 (m, 1H), 2.85 (s, 3H), 1.95 (m, 2H), 1.63 (m, 1H), 1.00 (bs, 2H). 

Example 13 

15 A. 7-(f 1 fl^Jftl-^tert-Butoxvcarbonvlamino-S-azabicvelo ^ . 1 .01heDt-3-vlH -cvcloproovl-6-f luoro-1 .4^ihvdro-4-oxo- 
I.e-naphthyridine-S-carboxvlic acid ethyl ester 

According to the procedure of Example 2A, [ 10,60, 7a] -7-tert-butoxycarbonylamino-3-azabicyclo[4.1.0]heptane 
(325 mg, 1.53 mmol) and the ethyl ester of 7-chloro-1-<*clcpropyl-6-fluoro-1,4-dto^ car- 
20 boxylic acid (402 mg, 1 .29 mmol) were reacted to generate the title product (609 mg, 1 .25 mmol, 97% yield). 

1 H NMR (CDCy: 8.44 (s. 1H), 8.02 (d, J=13 Hz, 1H), 4.77 (bs, 1H), 4.35 (q, J=7 Hz, 2H), 4.25 (d, J=13 Hz, 1H), 
3.92 (m, 1H), 3.65 (m, 1H), 3.48 (m, 1H), 3.27 (m, 1H), 2.34 (m, 1H), 2.10 (m, 1H), 1.95 (m, 1H), 1.40 (s. 9H), 1 37 (t 
J=7 Hz, 3H), 1 .26 (m, 2H), 1 . 1 9 (m, 2H), 0.99 (m, 2H). 

25 B 7-(f1a,eft, 7a1'7-Amino-3-azabiCYlof4. 1 .01heot-3-vn-1 -cvclopropvl-6-f luoro-1 .4-dihvdro-4-oxo-1 .8-naphthvridine-3- 
carboxvtic aci d, hydrochloride salt 

According to the procedure of Example 2B, the compound of step A (585 mg, 1.20 mmol) was converted with 
hydrochloric acid to provide the title product, mp 180°C (decomp.) (265.7 mg, 0.675 mmol, 56% yield). 
30 1 H NMR (DMSO-d 6 ): 8.58 (s, 1 H), 8.40 (bs, 2H), 8.02 (d. J=13.6 Hz, 1 H), 4.19 (d. J=14.1 Hz, 1 H) f 4.06 (dd, J=13.8 
5.2 Hz, 1H), 3.73 (m, 2H), 3.37 (m, 2H), 2.49 (m, 1H), 2.16 (m, 1H), 1.84 (m, 1H). 1 .66 (m, 1H), 1.58 (m, 1H), 1.19 (m,' 
2H),1.10(m,2H). 

Claims 

35 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 . A compound of the formula 



40 



45 



50 




or a pharmaceutical^ acceptable acid addition salt thereof, wherein 

R 1 is hydrogen, a pharmaceutical^ acceptable cation, or (C r C 6 ) alkyl; 

Y when taken independently, is ethyl, t-butyl, vinyl, cyclopropyl, 2-f luoroethyl, p-f luorophenyl, or o,p-difluor- 
ophenyi; 

W is hydrogen, fluoro, chloro, bromo. C r C 4 alkyl, C r C 4 alkoxy, amino or aminomethyl- 
A is CH, CF, CC1 , COCH3, C-CH 3 , C-CN or N; or 
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A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y are attached to form 
a f ive or six membered ring which may contain oxygen or a double bond, and which may have attached thereto R 8 
which is methyl; 
and R 2 is 

5 



10 




15 

wherein R 3 , R 4 , R 5 , R 6 , R 7 , R 9 and R 25 are each independently H, CH 3l CH 2 NH 2 , CH 2 NHCH 3 or ChfeNHCgHg, and 
R 5 , R 6 , R 7 , and R 9 may also be independently be NH 2 , NHCH3 or NHC 2 H 5 , provided that not more than three of 
R 3 , R 4 , R 5 , R 6 , R 7 , R 9 and R 25 are other than hydrogen and if three of these substitutes are not hydrogen, at least 
20 one of them is methyl; or wherein R 1 is hydrogen or a pharmaceutically acceptable cation. Y is o,p-difluorophenyl, 
W is H, A is N and R 2 is 



25 




30 

and produgs of those compounds of formula I having free amino groups, these prodrugs comprising an amino acid 
residue or a polypeptide chain of two or more amino acid residues which are covalently joined through peptide 
bonds. 

35 

2. A compound according to claim 1, characterized in that R 1 and W are each hydrogen. 

3. A compound according to claim 1 or 2, characterized in that A is CH or N, or A is carbon and is taken together with 
Y and the carbon and nitrogen to which A and Y are attached to form a six membered ring as follows: 

40 



45 




CH 3 



50 



4. A compound according to claim 3, characterized in that A is N. 

55 5. A compound according to anyone of claims 1 to 4, characterized in that one or two of R 3 , R 4 R 5 , R 6 , R 7 R 9 and 
R 25 are other than hydrogen. 

6. A compound according to claim 5, characterized in that one of R 3 , R 4 , R 5 . R 6 , R 7 or R 9 is C^Nh^ or Ch^NHCHs, 
and. optionally, another of R 3 . R 4 . R 5 , R 6 , R 7 or R 9 is methyl; or one of R 5 . R 6 , R 7 or R 9 is NH 2 or NHCH 3 and. 
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optionally, another of R 5 , R 6 , R 7 or R 9 or one of R 3 or R 4 is methyl. 

7. A compound according to daim 6, characterized in that R 6 , R 7 or R 9 is amino and, optionally one of R 3 . R 4 . R 5 , R 6 , 
R 9 or R 25 is methyl. 

8. A compound according to claim 7, characterized in that R 7 is amino and optionally, one of R 3 , R 4 , R 5 , R 6 . R 9 or R 25 
is methyl. 

9. A pharmaceutical composition comprising a compound of the formula (I) according to any one of claims 1 to 8 or a 
pharmaceutically acceptable acid addition salt thereof and a pharmaceutically acceptable diluent or carrier. 

10. A compound of the formula (I) as claimed in anyone of claims 1 to 8 or a pharmaceutically acceptable acid addition 
salt thereof for use as a medicament. 

1 1 . The use of a compound of the formula (I) as claimed in any one of claims 1 to 8 or of a pharmaceutically acceptable 
acid addition salt thereof for the manufacture of an antibacterial agent. 

12. A compound of formula: 




Claims for the following Contracting State : ES 

1 . A process for preparing a compound of the formula 




or a pharmaceutically acceptable acid addition salt thereof, wherein 

R 1 is hydrogen, a pharmaceutically acceptable cation, or (C^Ce) alkyl; 

Y, when taken independently, is ethyl, t-butyl, vinyl, cyclopropyl. 2-fluoroethyl, p-fluorophenyf, or o.p-difluor- 
ophenyl; 

W is hydrogen, fluoro. chloro, bromo, C r C 4 alkyl, C r C 4 alkoxy, amino or aminomethyl; 
A is CH, CF, CC1, COCH 3< C-CH 3 , C-CN or N; or 

A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y are attached to form 
a five or six membered ring which may contain oxygen or a double bond, and which may have attached thereto R 8 
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which is methyl; 
and R 2 is 




wherein R 3 , R 4 , R*. R* r? r» and R 25 are each independently H, CH3, CH 2 NH 2 , CH2NHCH3 or ChfeNHCzHs, and 
R 3 R 4 ' R s' a 2 d 7 "? y a,S ° ^ inde P endent| y be NH 2 . NHCH 3 or NHC 2 H 5> provided that not more than three of 
R , R , R , R 6 , R 7 , R 9 and R 25 are other than hydrogen and if three of these substitutes are not hydrogen, at least 
one of them is methyl; or wherein R 1 is hydrogen or a pharmaceutical^ acceptable cation. Y is o.p-difluorophenyl 
WisH,AisNandR 2 is 



KUN 




and produgs of those compounds of formula I having free-amino groups, these prodrugs comprising an amino acid 
residue or a polypeptide chain of two or more amino acid residues which are covalently joined through peptide 
bonds, characterized by reacting a compound of the formula 




C0 2 R 



wherein, A, W and Y are as defined above, R 1 is hydrogen or (C r C6)alkyl and X is a leaving group, with a com- 
pound of the formula R 2 H wherein R 2 is as defined above, and also includes the N-protected groups of NH 2 , 
CH 2 NH 2 , NHCH 3 , CH 2 NHCH 3 , NHC 2 H 5 and CH 2 NHC 2 H 5 , and, if desired, reacting with an acid to form a pharac- 
eutically acceptable acid addition salt, or, when R 1 is hydrogen, reacting with a base to form a compound wherein 
R 1 is a pharmaceutically acceptable cation, or reacting .with an amino acid to form prodrugs of those compounds 
of formula I having a free amino group. 



A process according to claim 1 , characterized in that R 1 and W are each hydrogen and Y is cyclopropyl or o,p-drf- I 
luorophenyl. 

A process according to claim 1 or 2, characterized in that A is CH or N, or A is carbon and is taken together with Y 
and the carbon and nitrogen to which A and Y are attached to form a six membered ring as follows: 
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4. A process according to claims 1 , 2 or 3. characterized in that one or two of R 3 . R 4 , R 5 , R 6 , R 7 , R 9 and R 25 are other 
than hydrogen. 

Claims for the following Contracting State : GR 

1 . A process for preparing a compound of the formula 




CO^R 1 



or a pharmaceutical^ acceptable acid addition salt thereof, wherein 

R 1 is hydrogen, a pharmaceutical^ acceptable cation, or (C r C$} alkyl; 

Y when taken independently, is ethyl, t-butyl, vinyl, cyclopropyl, 2-f luoroethyl, p-fluorophenyl, or o.p-difluor- 
ophenyl; 

W is hydrogen, fluoro, chloro, bromo, C r C 4 alkyl, C r C 4 alkoxy, amino or aminomethyl; 
A is CH, CF, CC1 , COCH 3 , C-CH 3 , C-CN or N; or 

A is carbon and is taken together with Y and the carbon and nitrogen to which A and Y are attached to form 
a five or six membered ring which may contain oxygen or a double bond, and which may have attached thereto R 8 
which is methyl; 
and R 2 is 




wherein R 3 R 4 , R 5 R* r7 r 9 and R 25 are each independently H, CH 3 , CH 2 NH 2 , CH 2 NHCH 3 or CH 2 NHC2H 5 , and 

R 3 ' R 4' R 5 ' a e d 7 m q ay alS0 ^ e inde P endent, y be NH 2- NHCH 3 or NHC 2 H 5 , provided that not more than three of 
R , R , R , R 6 , R 7 , R 9 and R 25 are other than hydrogen and if three of these substitutes are not hydrogen, at least 
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one of them is methyl; or wherein R 1 is hydrogen or a pharmaceutical^ acceptable cation, Y is o,p-difluorophenyl 
WisH,AisNandR 2 is 



and produgs of those compounds of formula I having free amino groups, these prodrugs comprising an amino acid 
residue or a polypeptide chain of two or more amino acid residues which are covalerrtly joined through peptide 
bonds, characterized by reacting a compound of the formula 



wherein, A, W and Y are as defined above, R 1 is hydrogen or (C r C 6 )alkyi and X is a leaving group, with a com- 
pound of the formula R 2 H wherein R 2 is as defined above, and also includes the N-protected groups of NH 2 , 
CH 2 NH 2 , NHCH 3 , CH 2 NHCH 3> NHC 2 H 5 and CH 2 NHC 2 H 5 . and, if desired, reacting with an acid to form a pharac- 
eutically acceptable acid addition salt, or, when R 1 is hydrogen, reacting with a base to form a compound wherein 
R is a pharmaceutical^ acceptable cation, or reacting with an amino acid to form prodrugs of those compounds 
of formula I having a free amino group. 

A process according to claim 1 , characterized in that R 1 and W are each hydrogen and Y is cyclopropyl or o,p-dif- | 
luorophenyl. 

A process according to claim 1 or 2, characterized in that A is CH or N, or A is carbon and is taken together with Y 
and the carbon and nitrogen to which A and Y are attached to form a six membered ring as follows: 



A process according to claims 1, 2 or 3, characterized in that one ore two of R 3 , R 4 , R 5 , R 6 , R 7 , R 9 and R 25 are 
other than hydrogen. 

A compound of formula: 





w 



C0 2 R 1 
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PatentansprOche 

Patentanspruche fOr folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 . Verbindung der Forme! 



Q 




Oder ein pharmazeutisch annehmbares Sdureadditionssalz davon, worin R 1 Wassersloff, ein pharmazeutisch 
annehmbares Kation Oder eine (C r C 6 )-Alkylgruppe ist; 

Y, werm unabhangig, eine Ethyl-, t-Butyl-, Vinyl-, Cyclopropyl-, 2-Fluorethyl-, p-Fluorphenyl- oder o, p-Difluorphe- 
nylgruppe ist; 

W Wasserstoff, Fluor, Chlor, Brom, eine (C r C 4 )-Alkyl-, C r C 4 -Alkoxy-, Amino- Oder Aminomethylgruppe ist; 

A CH, CF, CCI, COCH 3 , C-CH 3 . C-CN oder N ist Oder A Kohlenstoff ist und zusammen mit Y und dem Kohlenstoff 

und dem Stickstoff, an die A und Y gebunden sind, einen 5- oder 6-gliedrigen Ring bildet, der Sauerstoff oder eine 

Doppelbindung enthalten kann, und an den R 8 , das eine Methylgruppe ist, gebunden sein kann, und 

R 2 




worin R 3 . R 4 , R 5 ( R 6 , R 7 , R 9 und R 25 unabhangig H, CH 3 , Ofe-N^, CH2NHCH3 Oder CH 2 NHC2H 5 bedeuten und 
R 5 , R 6 , R 7 und R 9 unabhangig auch NH 2 , NHCH 3 oder NHC2H5 sein konnen. mit dem Vorbehalt. daB nicht mehr 
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als 3 der Reste R 3 R 4 R 5 , R 6 , R 7 R 9 und R 25 etwas anderes als Wasserstoff sind und wenn 3 dieser Substituen- 
ten nicht Wasserstoff sind. mindestens einer von ihnen eine Methylgruppe ist; Oder worin R 1 Wasserstoff Oder ein 
pharmazeutisch annehmbares Kation ist, Y o,p-Difluorphenyl ist, W H ist, A N ist und R 2 




ist, und Prodrugs derjenigen Verbindungen der Formel I, die freie Aminogruppen haben, wobei diese Prodrugs 
einen Aminosdurerest Oder eine Polypeptidkette mit zwei Oder mehreren AminosSureresten umfassen, die kovalent 
durch Peptidbindungen verbunden sind. 

2. Verbindung nach Anspruch 1 , dadurch gekennzeichnet. daB R 1 und W jeweils Wasserstoff sind. 

3. Verbindung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB A CH oder N ist oder A Kohlenstoff ist und 
zusammen mit Y und dem Kohlenstoffatom und dem Stickstoffatom, an die A und Y gebunden sind. einen sechs- 
gliedrigen Ring wie folgt bildet: 




4. Verbindung nach Anspruch 3. dadurch gekennzeichnet, daB A N ist. 

5. Verbindung nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet. daB einer oder zwei der Reste R 3 , R 4 , 
R 5 . R 6 , R 7 , R 9 und R 25 eine andere Bedeutung als Wasserstoff haben. 

6. Verbindung nach Anspruch 5, dadurch gekennzeichnet. daB einer der Reste R 3 . R 4 R 5 , R 6 , R 7 oder R 9 CH 2 NH 2 
oder CH 2 NHCH 3 ist und fakultativ ein anderer der Reste R 3 , R 4 , R 5 , R 6 , R 7 oder R 9 Methyl ist; oder einer der Reste 
R 5 , R 6 , R 7 oder R 9 NH 2 oder NHCH 3 ist und fakultativ ein anderer der Reste R 5 , R 6 , R 7 oder R 9 oder einer der 
Reste R 3 Oder R 4 Methyl ist. 

7. Verbindung nach Anspruch 6, dadurch gekennzeichnet, daB R 6 , R7 oder R 9 Amino ist und fakultativ einer der 
Reste R 3 . R 4 , R 5 . R 6 , R 9 oder R 25 Methyl ist. 

8. Verbindung nach Anspruch 7, dadurch gekennzeichnet, daB R 7 Amino ist und fakultativ einer der Reste R 3 , R 4 R 5 , 
R 6 , R 9 oder R 25 Methyl ist. 

9. Pharmazeutische Zusammensetzung, umfassend eine Verbindung der Formel (I) nach einem der Anspruche 1 bis 
8 oder ein pharmazeutisch annehmbares SSureadditionssalze davon und ein pharmazeutisch annehmbares Ver- 
dunnungsmittel oder einen TrSger. 

10. Verbindung der Formel (0 nach einem der Anspruche 1 bis 8 oder ein pharmazeutisch annehmbares SAureadditi- 
onssalz davon zur Verwendung als Arzneimittel. 

11. Verwendung einer Verbindung der Formel (0 nach einem der Anspruche 1 bis 8 oder eines pharmazeutisch 
annehmbaren SSureadditionssalzes davon zur Herstellung eines antibakteriellen Mittels. 

12. Verbindung der Formel 
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PatentansprQche f Or folgenden Vertragsstaat : ES 

1 . Verfahren zur Herstellung einer Verbindung der Formel 




COjR 1 



oder eines pharmazeutisch annehmbaren Saureadditionssalzes davon, worin 

R 1 Wasserstoff. ein pharmazeutisch annehmbares Kation oder eine (CVCeJ-Alkylgruppe ist; 

Y, wenn unabhangig, eine Ethyl-, t-Butyk Vinyl-, Cyclopropyl-. 2-Fluorethyl-, p-Fluorphenyl- oder o, p-Difluorphe- 

nylgruppe ist; 

W Wasserstoff, Fluor. Chlor, Brom, eine (C r C4)-Alkyl-, C 1 -C 4 -A!koxy-, Amino- oder Aminomethylgruppe ist; 
A CH, CF, CCI, COCH 3 , C-CH 3 , C-CN oder N ist Oder 

A Kohlenstoff ist und zusammen mit Y und dem Kohlenstoff und dem Stickstoff, an die A und Y gebunden sind, 
einen 5- oder 6-gliedrigen Ring bildet, der Sauerstoff oder eine Doppelbindung enthalten kann, und an den R 8 , das 
eine Methylgruppe ist, gebunden sein kann, und 
R 2 




worin R 3 , R 4 , R 5 , R 6 , R 7 , R 9 und R 25 unabhangig H, CH 3 , CH 2 -NH2, CHgNHChb oder CH 2 NHC 2 H 5 bedeuten und 
R 5 , R 6 , R 7 und R 9 unabhangig auch NH 2 . NHCH 3 oder NHC2H5 sein konnen, mit dem VorbehaH. daB nicht mehr 
als 3 der Reste R 3 , R 4 , R 5 , R 6 , R 7 . R 9 und R 25 etwas anderes als Wasserstoff sind und wenn 3 dieser Substituen- 
ten nicht Wasserstoff sind, mindestens einer von ihnen eine Methylgruppe ist; oder worin R 1 Wasserstoff oder ein 
pharmazeutisch annehmbares Kation ist, Y o.p-Difluorphenyl ist W H ist, A N ist und R 2 
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ist, und Prodrugs derjenigen Verbindungen der Formel I, die freie Aminogruppen haben, wobei diese Prodrugs 
einen Aminosaurerest oder eine Polypeptidkette mit zwei oder mehreren Aminosaureresten umfassen, die kovalent 
durch Peptidbindungen verbunden sind, 

gekennzeichnet durch das Umsetzen einer Verbindung der Formel 



0 




worin A, W und Y wie oben definiert sind. R 1 Wasserstoff oder eine C r C 6 -Alkylgruppe ist und X eine Abgangs- 
gruppe ist, mit einer Verbindung der Formel R 2 H, worin R 2 wie oben definiert ist und auch die N-geschutzten Grup- 
pen von NH 2 , CH 2 NH 2 , NHCH 3> CH 2 NHCH 3i NHC2H5 und CH 2 NHC2H 5 einschlieBt und, falls gewunscht, 
Umsetzen mrt einer Saure, urn ein pharmazeutisch annehmbares SSureadditionssalz zu bilden, oder, wenn R 1 
Wasserstoff ist. Umsetzen mit einer Base, urn eine Verbindung zu bilden, worin R 1 ein pharmazeutisch annehmba- 
res Kation ist oder mit einer Aminosaure umsetzt, urn Prodrugs der Verbindungen der Formel I mit einer f reien Ami- 
nogruppe zu bilden. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB R 1 und W jeweils Wasserstoff sind und Y eine Cyclo- 
propyl- oder o,p-Difluorphenylgruppe ist. 

3. Verfahren nach einem der Anspruche 1 oder 2, dadurch gekennzeichnet, daB A CH oder N ist oder A Kbhlenstoff 
ist und zusammen mrt Y und dem Kohlenstoffatom und dem Stickstoffatom.an die A und Y gebunden sind, einen 
sechsgliedrigen Ring, wie folgt bildet: 




4. Verfahren nach den AnsprOchen 1 . 2 oder 3, dadurch gekennzeichnet, daB einer oder zwei der Substituenten R 3 , 
R 4 , R 5 , R 6 , R 7 , R 9 und R 25 eine andere Bedeutung afs Wasserstoff hat/haben. 

PatentansprOche f Or foigenden Vertragsstaat : GR 

1 . Verfahren zur Herstellung einer Verbindung der Formel 
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Y 



Oder eines pharmazeutisch annehmbaren Sdureaddrtionssalzes davon, worin 

R 1 Wasserstoff, ein pharmazeutisch annehmbares Kation Oder eine (C r C 6 )-AIkylgruppe ist; 

Y wenn unabhfingig; eine Ethyl-, t-Butyl-, Vinyl-, Cyclopropyl-. 2-Fluorethyl-. p-Fluorphenyl- oder o. p-Difluorphe- 

nylgruppe ist; 

W Wasserstoff, Fluor, Chlor, Brom, eine (CrC^-Alkyh d-C^AIkny-, Amino- oder Aminomethylgruppe ist- 
A CH, CF, CCI, COCH3, C-CH 3 , C-CN oder N ist oder 

A Kohlenstoff ist und zusammen mit Y und dem Kohlenstoff und dem Stickstoff, an die A und Y gebunden sind, 
einen 5- oder 6-gliedrigen Ring bildet, der Sauerstoff oder eine Doppelbindung enthalten kann, und an den R 8 , das 
eine Methytgruppe ist, gebunden sein kann, und 
R 2 




W 5 r ' n s * R6, R7, R9 und R25 unabhan 9'S H » CH 3. CH r NH 2 , CH 2 NHCH3 oder CH2NHC2H5 bedeuten und 

R . R , R 7 und R 9 unabhangig auch NH 2 . NHCH 3 oder NHC2H5 sein konnen, mit dem Vorbehalt, daG nicht mehr 
als 3 der Reste R 3 , R 4 , R 5 , R 6 , R 7 , R 9 und R 25 etwas anderes als Wasserstoff sind und wenn 3 dieser Substituen- 
ten nicht Wasserstoff sind, mindestens einer von ihnen eine Methylgruppe ist; Oder worin R 1 Wasserstoff Oder ein 
pharmazeutisch annehmbares Kation ist, Y o,p-Difluorphenyl ist. W H ist. A N ist und R 2 




ist, und Prodrugs derjenigen Verbindungen der Formel I, die freie Aminogruppen haben, wobei diese Prodrugs 
einen AminosSurerest oder eine Polypeptidkette mit zwei oder mehreren AminosSureresten umfassen, die kovalent 
durch Peptidbindungen verbunden sind. 

gekennzeichnet durch das Umsetzen einer Verbindung der Formel 
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5 



X 




...II 



w 



Y 



worin A, W und Y wie oben definiert sind, R 1 Wasserstoff oder eine C 1 -C 6 -AJkylgruppe ist und X eine Abgangs- 
gruppe ist, mit einer Verbindung der Formel R 2 H, worin R 2 wie oben definiert ist und auch die N-geschutzten Grup- 
is pen von NH 2 , CH 2 NH 2 , NHCH 3 , CH2NHCH3, NHC2H5 und CH2NHC2H5 einschlieBt und, falls gewunscht, 
Umselzen mit einer S&ure, um ein pharmazeutisch annehmbares SAureadditionssalz zu bilden, oder, wenn R 1 
Wasserstoff ist, Umsetzen mit einer Base, um eine Verbindung zu bilden, worin R 1 ein pharmazeutisch annehmba- 
res Kation ist oder mit einer AminosSure umsetzt, um Prodrugs der Verbindungen der Formel I mit einer freien Amr- 
nogruppe zu bilden. 



2. Verfahren nach Anspruch 1 , dadurch gekennzef chnet. daB R 1 und W jeweils Wasserstoff sind und Y eine Cyclo- | 
propyl- oder o.p-Difluorphenylgruppe ist. 

3. Verfahren nach einem der Anspruche 1 oder 2, dadurch gekennzef chnet, daB A CH oder N ist oder A Kohlenstoff 
ist und zusammen mrt Y und dem Kohlenstoffatom und dem Stickstoffatom.an die A und Y gebunden sind, einen 
sechsgliedrigen Ring, wie folgt bildet: 



4. Verfahren nach den Anspruchen 1 , 2 oder 3, dadurch gekennzeichnet, daB einer oder zwei der Substituenten R 3 , 
R 4 , R 5 , R 6 , R 7 , R 9 und R 25 eine andere Bedeutung als Wasserstoff hat/haben. 

40 

5. Verbindung der Formel 
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Revendications pour les Etats contractants sulvants : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1. Compos6 de formule 

F v^v^v c ° 2Rl 



Y 



ou un sei d'addition d'acide pharmaceutiquemertt acceptable de ce compost, formule dans laquelle 

R 1 est de I'hydrogfcne, un cation pharmaceutiquemertt acceptable ou un groupe alkyle en k C 6 ; 

Y oonsid6r6 ind6pendamment, repr6sente un groupe 6thyle. tertio-butyle, vinyle, cyclopropyle, 2-fluor6- 

thyle, p-fluoroph6nyle ou o,p<lrfluoroph6nyle ; 

W est de I'hydrogfcne, un radical f luoro, chloro, bromo, alkyle en Ci a C 4 , alkoxy en Ci a C 4 , amino ou ami- 

nom6thyle ; 

A est un groupe CH, CF, CCI, COCH 3 , C-CH 3 , C-CN ou N ; ou bien 

A est un atome de carbone et forme, conjointement avec Y et avec le carbone et I'azote auxquels A et Y sont 
attaches, un noyau pentagonal ou hexagonal qui petit contenir de l oxyg&ne ou une double liaison, et auquel peut 
etre attach^ un groupe R 8 qui est un groupe m6thyle ; 
et R 2 est un groupe 




dans lequel R 3 , R 4 . R 5 , R 6 , R 7 , R 9 et R 25 repr6sentent chacun, indSpendamment, H, un groupe CH 3 , CH 2 NH 2 , 
CH2NHCH3 ou CH2NHC2H5, et R 5 , R 6 , R 7 et R 9 peuvent aussi repr6senter ind6pendamment un groupe NH 2 , 
NHCH 3 ou NHC2H5, sous reserve que pas plus de trois de R 3 , R 4 R 5 , R 6 , R 7 , R 9 et R 25 repr6sentent autre chose 
que de ITiydrog&ne et que, si trois de ces substituants ne repr6serrtent pas de I'hydrogfcne, au moins Tun d'entre 
eux reprSsente un groupe m6thyle ; ou bien R 1 est de l*hydrog6ne ou un cation pharmaceutiquement acceptable, 
Y est un groupe o.p-drfluoroph6nyle, W repr6sente H, A repr6sente N et R 2 est un groupe 



BUN 




et des promGdicaments de ces composes de formule I portant des groupes amino libres, ces prom&jicaments 
comprenant un rteidu d'aminoacide ou une chatne polypeptidique de deux ou plus de deux r6sidus cfaminoacides 
qui sont Ii6s par covalence par I'intermgdiaire de liaisons peptidiques. 
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2. Compost suivant la revendication 1 , caracterise en ce que R 1 et W represented chacun de I'hydrogene. 

3. Compose suivant la revendication 1 ou 2, caracterise en ce que A represente CH ou N, ou bien A est du carbone 
et forme conjointement avec Y et avec les atomes de carbone et d'azote auxquels A et Y sont attaches, un noyau 
hexagonal de formule suivante : 



4. Compose suivant la revendication 3, caracterise en ce que A est un atome d'azote. 

5. Compose suivant Tune quelconque des revendications 1 a 4, caracterise en ce qu'un ou deux de R 2 , R 3 , R 4 t R 5 , 
R 6 , R 7 . R 9 et R 25 represented autre chose que de I'hydrogene. 

6. Compose suivant la revendication 5, caracterise en ce que Tun de R 3 , R 4 , R 5 , R 6 , R 7 ou R 9 est un groupe CH 2 NH 2 
ou CH 2 NHCH 3 et, a titre facultatif, un autre de R 3 , R 4 R 5 , R 6 , R 7 ou R 9 est un groupe methyle ; ou bien Tun de R 5 , 
R 6 , R 7 ou R 9 est un groupe NH 2 ou NHCH 3 et, a titre facultatif, un autre de R 5 , R 6 , R 7 ou R 9 ou I'un de R 3 ou R 4 
est un groupe methyle. 

7. Compose suivant la revendication 6, caracterise en ce que R 6 , R 7 ou R 9 est un groupe amino et, a titre facultatif, 
I'un de R 3 , R 4 , R 5 , R 6 , R 9 ou R 25 est un groupe methyle. 

8. Compose suivant la revendication 7, caracterise en ce que R 7 est un groupe amino et, a titre facultatif, I'un de R 3 
R 4 R 5 , R 6 , R 9 ou R 25 est un groupe methyle. 

9. Composition pharmaceutique, comprenant un compose de for mule ( I) suivant Tune quelconque des revendications 
1 a 8 ou un sel d'addition d'acide pharmaceutiquement acceptable de ce compose et un diluant ou support accep- 
table du point de vue pharmaceutique. 

10. Compose de formule (I) suivant Tune quelconque des revendications 1 a 8 ou sel d'addition d'acide pharmaceuti- 
quement acceptable de ce compose destine a elre utilise comme medicament. 

11. Utilisation d'un compose de formule (I) suivant I'une quelconque des revendications 1 a 8 ou d'un sel d'addition 
d'acide pharmaceutiquement acceptable de ce compos6 pour la production d'un agent antibacterien. 

12. Compose de formule : 




42 



EP 0 413 455 B1 




Revendications pour TEtat contractant suivarrt : ES 

1 . Proc6d§ de production d'un compost de formule 




Y 



ou d'un sel d'addition d'acide pharmaceutiquement acceptable de ce compost, formule dans laquelle 

R 1 est de I'hydrogfcne, un cation pharmaceutiquement acceptable ou un groupe alkyle en Cj k C 6 ; 

Y, consid6r6 irxtependamment, repr6sente un groupe 6thyle, teriio-butyle, vinyle, cyclopropyle, 2-fluor6- 

thyle, p-fluoroph6nyle ou o,p<Jif luoroph6nyle ; 

W est de fhydrog&ne, un radical fluoro, chloro, bromo, alkyle en C 1 & C 4 , alkoxy en C 1 k C 4 , amino ou ami- 

nom§thyle ; 

A est un groupe CH, CF, CCI, COCH 3 , C-CH 3 , C-CN ou N ; ou bien 

A est un atome de carbone et forme, conjointement avec Y et avec le carbone et Tazote auxquels A et Y sont 
attaches, un noyau pentagonal ou hexagonal qui peut contenir de loxyg&ne ou une double liaison, et auquei peut 
Stre attach^ un groupe R 8 qui est un groupe m6thyle ; 
et R 2 est un groupe 




dans lequel R 3 , R 4 , R 5 , R 6 , R 7 , R 9 et R 25 representor* chacun, ind6pendamment, H, un groupe CH 3 , CHgNHg, 
CH2NHCH3 ou CH2NHC2H5, et R 5 . R 6 , R 7 et R 9 peuvent aussi repr£senter ind6pendamment un groupe NH 2 . 
NHCH 3 ou NHC2H5, sous reserve que pas plus de trois de R 3 . R 4 , R 5 , R 6 , R 7 , R 9 et R 25 reprGsentent autre chose 
que de I'hydrogfene et que, si trois de ces substituants ne repr6sentent pas de I'hydrogfcne, au moins Tun cfentre 
eux repr6sente un groupe m6thyle ; ou bien R 1 est de rhydrogfcne ou un cation pharmaceutiquement acceptable, 
Y est un groupe o.p-d*rfluoroph6nyle, W repr6sente H, A repr6sente N et R 2 est un groupe 
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H 2 N 




N - 



et des promedicaments de ces composes de formule I portant des group es amino fibres, ces promedicaments 
comprenant un residu d'aminoaclde ou une chame polypeptidique de deux ou plus de deux residus d'aminoacides 
qui sont lies par covalence par I'intermediaire de liaisons peptidiques, caracterise par la reaction d'un compose de 
formule 




dans laquelle A, W et Y sont tels que definis ci-dessus, R 1 est de I'hydrogene ou un groupe alkyte en & C 6 et X 
est un groupe partarrt, avec un compose de formule R 2 H dans laquelle R 2 est tel que def ini ci-dessus, y compris 
les groupes N-proteges de NH 2 , CH 2 NH2, NHCH 3 , CH 2 NHCH 3 , NHC 2 H 5 et ChfeNHCgHg et, le cas echeant, la 
reaction avec un acide pour former un sel d'addition d'acide pharmaceutiquement acceptable ou bien, lorsque R 1 
est de I'hydrogene, la reaction avec une base pour former un compose dans lequel R 1 est un cation pharmaceuti- 
quement acceptable, ou la reaction avec un aminoacide pour former des promedicaments des composes de for- 
mule I portant un groupe amino libre. 

Procede suivant la revendication 1 , caracterise en ce que R 1 et W represented chacun de I'hydrogene et Y est un | 
groupe cyclopropyle ou o,p-difluoropheny!e. 

Procede suivant la revendication 1 ou 2, caracterise en ce que A represente CH ou N, ou bien A est du carbone et 
forme, conjointement avec Y et avec le carbone et I'azote auxquels A et Y sont attaches, un noyau hexagonal de 
formule suivante : 



Procede suivant la revendication 1 , 2 ou 3. caractens§ en ce qu'un ou deux de R 3 , R 4 , R 5 , R 6 , R 7 , R 9 et R 25 repre- 
sentent autre chose que de I'hydrogene. 
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Revendications pour I'Etat contractant suivant : GR 



1 . Proc6d6 de production d'un compos6 de formule 




w 



CO2R 1 



R 



...1 



Y 



ou d'un sel d'addition d'acide pharmaceutiquement acceptable de ce compos6, formule dans laquelle 

R 1 est de I'hydrogfcne, un cation pharmaceutiquement acceptable ou un groupe alkyle en C 1 A C 6 ; 

Y, consid6r6 independamment, repr6sente un groupe 6thyle, tertio-butyle. vinyle, cyclopropyle, 2-fluor6- 

tnyle, p-fluoroph6nyle ou o,p-difluoroph6nyle ; 

W est de I'hydrogSne, un radical fluoro. chloro, bromo, alkyle en Cj & C 4 , alkoxy en & C 4> amino ou ami- 

nom6thyle ; 

A est un groupe CH, CF, CCI. COCH 3 , C-CH 3 , C-CN ou N ; ou bien 

A est un atome de carbone et forme, conjointement avec Y et avec le carbone et I'azote auxquels A et Y sont 
attach6s, un noyau pentagonal ou hexagonal qui peut contenir de I'oxygfcne ou une double liaison, et auquel peut 
Stre attach^ un groupe R 8 qui est un groupe m6thyle ; 
et R 2 est un groupe 



dans lequel R 3 , R 4 . R 5 , R 6 , R 7 t R 9 et R 25 repr6sentent chacun, indSpendamment, H, un groupe CH 3 , OfeNHg. 
CH 2 NHCH 3 ou CH 2 NHC 2 H 5l et R 5 , R 6 , R 7 et R 9 peuvent aussi representor ind6pendamment un groupe NH 2 , 
NHCH 3 ou NHC2H5, sous reserve que pas plus de trois de R 3 . R 4 , R 5 , R 6 , R 7 , R 9 et R 25 represented autre chose 
que de I'hydrogfcne et que, si trois de ces substituants ne repr6sentent pas de I'hydrog^ne, au moins I'un cfentre 
eux repr£sente un groupe m£thyle ; ou bien R 1 est de I'hydrogdne ou un cation pharmaceutiquement acceptable, 
Y est un groupe o.p-difluoroph6nyle, W reprSsente H, A reprfeente N et R 2 est un groupe 



et des prom6dicaments de ces composes de formule I portant des groupes amino libres, ces prom§dicaments 
comprenant un r£sidu d'aminoacide ou une chatne polypeptidique de deux ou plus de deux rSsidus cfaminoacides 
qui sont li£s par covalence par I'interm6diaire de liaisons peptidiques, caract6ris6 par la reaction d'un compose de 
formule 
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W 



o 



F. 




A 



N 



C0 2 R 



...n 



1 



X 



Y 



dans laquelle A, W et Y sont tels que d6finis ci-dessus, R 1 est de ThydrogSne ou un groupe alkyle en C t k C 6 et X 
est un groupe partant, avec un compost de formule R 2 H dans laquelle R 2 est tel que d6fini ci-dessus, y compris 
les groupes N-proteg6s de NH 2 , CH 2 NH 2 , NHCH3, CH 2 NHCH 3 , NHC 2 H 5 et CHgNHCgHs et, le cas 6ch6ant, fa 
reaction avec un acide pour former un sel d'addition d'acide pharmaceutiquement acceptable ou bien, lorsque R 1 
est de Thydrogdne, la reaction avec une base pour former un compost dans lequel R 1 est un cation pharmaceuti- 
quement acceptable, ou la faction avec un aminoacide pour former des promSdicaments des composes de for- 
mule I portant un groupe amino libre. 

Proc&te suivant la revendication 1 , caracterisG en ce que R 1 et W represented chacun de rhydrog&ne et Y est un | 
groupe cyclopropyle ou o,p-difluoroph6nyle. 

Proc6d6 suivant la revendication 1 ou 2, caract6ris6 en ce que A repr6sente CN ou N t ou bien A est du carbone et 
forme, conjointement avec Y et avec le carbone et I'azote auxquels A et Y sont attaches, un noyau hexagonal de 
formule suivante : 



Proc6d6 suivant la revendication 1 , 2 ou 3, caract6ris6 en ce qu'un ou deux de R 3 , R 4 , R 5 , R 6 , R 7 , R 9 et R 25 repr6- 
sentent autre chose que de I'hydrog^ne. 

Compost de formule : 





H 
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